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13 1. FIELD OF THE INVENTION [ Abstract  : paged ... to paged ...x....
14 - | DATE OF RECEIPT ...
15 'This invention relates generally to inkjet printing
16 systems in which an image (characters or graphics, or
17 . both) is constructed on a printing medium as an array of
18 many individually computer-controlled inkdrops: and more
19 particularly to a method for printing such an array which
20 minimizes undesired artifacts that arise in the inkjet
21 printing process. o
22 ; _ o ¢ This Sheet Has Been Rep

5 e NN .

24 2. RELATED ART

25
26 .An inkjet image can be created through any one of
27 myriad different inkjet nozzle firing patterns, implement-
28 ed by specific program steps of a microprocessor. Such
29 program steps are usually provided in the form of firmware
30 ° for a general-purpose programmable microprocessor, but
31 fixed arrays of electfonic'logic elements can be used
32 instead. o
33 Any such firing pattern is called a "print mode".
34  Print-mode variations encompass special uses of a pen or
- 35. different portions of a pen in cerdination with choice of
36 printing-medium advance distance or frequency, special
37 suppressions of firing for specified nozzles, and speciél
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printing process.
instance, high speed, or more accurate hue for specific

6 printing media, or subtle reduction of the total amount of
7  liquid ink present on a piece of print medium at one time,
8 or (as in the Raskin patent document mentioned above)

9 better alignment of forward and return scans in bidirec-
10 tional printing, or masking of subtle prihting defects --
11 such as arise, for example, from cyclical variations or
12 other imperfections in print-medium advance distance,

13 or from isolated nonfiring nozzles, or from internozzle
14 variations in ink volume.

15 It is believed that heretofore all print modes known
16 in the art have been devised on the implicit assumption

-17 - that inkdrops, and (with respect to print quality) assem-
-18 blages of inkdrops, are symmetrical. Thus it has been ta-

19 ken for granted that a drop deposited on a printing medium
20 by a pen while scanning in one direction (for instance,

21 from left to right) looks the same as a drop deposited by
22 the same pen while scanning in the opposite direction

23 (such as from right to left). '

24 Accordingly it has been implicitly assumed that ink-
25 drop arrays deposited during scanning in different direc-
26 tions look the same -- or, to put it in still another way,
27 that image quality -at both sides of a drop, or both sides.
28 of an assemblage of drops, is the same. If this were

29 true, both sides of every image element would be equally
30 good, or equally bad, so (given mutual alignment of image
31 portions deposited during opposite-direction scans) it

32 wouldn’t matter which way the pen moved while prlntlng

.33 different parts of each 1mage element.

34 _

35 It has been pointed out, however, that these implicit
36  assumptions are false, or in other words that inkdrops or
37 at least assemblages of them do indeed have good sides and
38. bad 51des. Careful inspection and study of lnkjet-prlnted
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6 same element. This dlfference appears to be due to a

7 tendency of minute amounts of extremely fine spray, asso-

8 ciated with firing of the pen, to overshoot the target

9 position very slightly. _

10 Sometimes workers in this field refer to such spray
11 as the "tail" of the inkdrop or as a "secondary dot". 1In
12 any event it presents the appearance of a slight blurring,
13 irregularity or dirtiness of the associated trailing part
14 of what has been printed.

15 ~ Evidently this spray, tail or secondary dot results
16 at least in part from lower average speéd of fine parti-
17 cles in the direction normal to the printing medium, and
18 = therefore longer transit time between the nozzle and the
19 medium. Such lower average speed may result from the

20 processes that generate the spray, or possibly the effec-
21 tively greater air damping for small particles, or both. .
-22 (Even though damping force decreases with area, the
23 effect of such drag is greater for small particles because
24 mass and therefore momentum decrease with volume.  Another

25  possible contributor to offsetting of the spray is down-

26 wind drift of fine particles in the wake of the pen car-
27 riage. It will be understood that the utility of the

28 . present invention, to be described shortly, does not rest
29 on the accuracy of any of these speculations.) '
30 After conventional bidirectional prinfing, the blur-
31 ring effect is present at both sides of each image ele-
32 ment, and so the original asymmetry of print quality for
33 each element is concealed. After conventional unidirecf‘
34 tional printing, the blur is present at only one side.

35 Earlier thinking addressed to mitigating this print-
36 quality defect may have concentrated on cocking or angling
37 .each nozzle to somehow align the tail or secondary dot

This. Sheet Has Been Re lacwd
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Still other known print—quality defects have not been
satisfactorily addressed in configuring print modes. In
particular it is known that, when very wide continuous
image areas are printed all at once, creating a lar§e pool
of liquid ink, undesired so-called “"wicking"” and "runners"
occur; these are visible small streams of ink, represent-
10 ing paths of ink movement by capillarity through fibers of
11 the printing medium and away from the area where the ink
12 has been deposited.

O 0 N 60 s

13 Heretofore print modes have addressed overinking
14 problems either by (1) sﬁbtlely suppressing. the total
15 amount of ink on a printed image, or (2) allowing more
16 drying time by dividing each image segment into checker-
17 board-like subgroupings for printing in successive pen
18 scans, the division being arbitrary -- that is, without
19 ‘regard for the particular pattern or characteristics of
20 image elements being printed. Both these techniques are
21 ingenious, and they do ameliorate other overinking prob-
22 lems (such as offsetting, and adhesion of adjacent sheets)
23 on which the present discussion does not focus, as well as
24 misalignment between adjacent pen swaths; yet these tech-
25 niques do have drawbacks.
26 Suppressing the total amount of ink has some at least
27 slight adverse effects on hue accuracy and color satura-
28 tion. . More importantly -- since such ink reduction is
29 willy-nilly, i. e. nbt correlated, with respect to image
30 characteristics -- overall ink suppression may unduly
31 starve some image areas that actually are not subject to
32 wicking. '
33 Dividing image segments for printing in three or more
34 successive scans has the disadvantage of increasing the
35 required printing time. It may do so needlessly in image
36 areas free of wicking and runners.
37 As noted above, wicking is most serious for broad ex-
38 panses of continuous inking. On the other hand, when only
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direction fsuch as (IO TTGM 10 LETD) o apparent it tends —- wn
pparent i ends whenever
8 present -- to be exacerbated by the overall ink-suppres-
9 sion or multiscan image divisions discussed above.
10 Another known print-quality impairment relevant to
11 the present invention, and to other bidirectional printing
12 systems, is misalignment between scans in opposite direc--
13 tions. This problem is manifested as a narrow line of
14 unprinted or background color (for example white) where
15  adjacent pixel blocks, printed in opposite-direction
16 scans, fail to merge visually into a single apparent image
17 element.
18 The aforementioned Raskin patent document offers one
19 valuable solution to such problems, though it depends for
20 its full effectiveness upon good consistency of motor
21 speeds in the reverse or retrace direction. That solution
22 can evidently avoid narrow unprinted gaps where blocks of
23 pixels laid down in opposite directions fail to be spaced
24 properly at the regular pixel periodicity.
25 It may not, however, cure a gap in which failure to
26 visually merge results from inadequate wicking between the
27 two blocks, due to one being already dry. A simpler solu-
28 tion to interscan misalignments, and one which may help to
29 avoid this particular problem, could be useful. |
30
31 o Heretofore these considerations have not been taken
32 into account in devising print modes for best print quali-
33 ty. Thus important aspects of the technology used in the
34 field of the invention are amenable-to. useful refinement.
35 _ | — ]
36 ' | s Sheet Has Been Repla»ed
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7 able for optimization of print quality. In fact print
8 quality is subject to refinement and enhancement through
9 print modes based on correcting that assumption; the
10 present invention introduces such refinement.
11 Before offering a relatively-rigorous discussion of
12 the present invention, some informal orientation will be
13 provided here. It is to be understood that these first
14 comments are not intended as a statement of the invention.

15 They are simply in the nature of insights that will be
16 helpful in comprehending the principles upon which the

17 invention is based.

18 . .

19 The invention exploits the above-described asymmetry
20 to improve apparent overall quality by forcing the less-
21 perfect side of each image element to become, and to be

22 hidden within, the interior of that image element. To

23 achieve this effect} certain strategically selected parts
24 of each element are printed during scanning of the pen in
25 one direction and certain other parts during scanning in
26 an opposite direction. _

27 Neither scan prints the trailing edge -- that is, the
28 edge the pen reaches last, when moving in a.particular

29 direction. Printing the trailing edge, as in'conventional
30 _print ﬁodes, would allow the above-mentioned fine spray to
31 be projected beyond that edge into what should be a back-
32 ground (for example, white) area free of the dolor being

33 printed -- thereby generating a very slightly dirty or
34 blurry edge. '

35 Instead each scan prints only the leading edge --

36 plus the interior or part of the interior, if the image is
37 wide enough that its interior forms an analytically sepa-
38 rate portion. If the image is wider stili, it is subdi-
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3 Thus one discrete interior portion is printed in the
4 same scan with one of the lateral edges (the leading edge
5 in one scan direction). An additional discrete interior
6 portion is printed in the same scan with the other of

7 the lateral edges (the leading edge in the opposite scan
8 direction). _ |

9 In any event, during scanning in a first direction
10 much of the previously mentioned fine spray that arises
11 from printing of the leading edge and interior portion is
12 deposited within the area that should be the trailing edge
13 -- and this area is filled in solidly at the beginning of
14 the scan in a second or opposite direction, for which the
15 area under discussion is a leading edge. Complementarily

16 the fine spray from that scan is deposited within the area
17 that is filled in solidly at the beginning of the first-

18 direction scan.

19 In short a large fraction of the fine spray is hidden
20 within a solid field of ink of the same color. Such spray
21 from the first-occurring scan is buried in a later solid
22 edge formed in the second-occurring scan; and such spray
23 from the second-occurring scan is imperceptible because it
24 overprints the solid edge formed in the first. _
25 This discussion suggests that the width of a "leading
26 edge" preferably is great enough to encompass all or most
27 of the overshoot or drift distance of the spray. Attempt-
28 ing to thus capture gl; the spray, however, may be coun-
29 terproductive in forcing use of leading-edge width to be
30 larger than desirable with fespect to other criteria.

31 In particular, the width of a "leading edge" is best
32 defined to optimize print quality by concealing most of

33 the fine spray and also finding the best tradeoff between
34 two oppositely acting surface-tension effects mentioned

35 earlier:

36

37 + Objectionable wicking or runners appear when very

38 _ wide portions. are printed all at once, creating a

R. Sperxy / January 30, 1994 8 ®. Lippman / PD~1093776~1 XHPC-26



tendency of minute anmounts of extrenely fine s,pra;?hls Cﬁith
firing of the pen, to overshoot the target positio l E |$
Sonmetimes workers in this field refer to such spra arlt of the

i nkdrop oryas a "seconsips Yookl "of|Ih.@dilj{dei/ﬁlat | Thpseeepéatt Bandpgpear gaeerof
a slight urring, 41 uJarlHY of_dirtiness of the associated trailing
part of t has bee é% *ﬂ%xf e e %ﬁ?deﬁ?l?afﬁ?g spray, tail or secondary
dot result¥® at least in part fromlower average speed of fine parti- cles

transit o4 betweerchiesioifbrl Shalfofld 4 sBREALHE BaBtlrhldbbonr
may resul t3from the Yo RkE YoRY RRAFEPH! E°¥’ﬁé°§§r§§r‘e pripsssi-bl thlﬁe

effec- tivgly greatesspbét (PAPORS ALEIATRY tRAT MeglRes, a5 kAR, (Even
t hough daqplng force decreases with area, "the

A

8 Overlap dots can be included in the portion prinﬁed

9 in either or both directions. Such dots avoid narrow

10 unprinted gaps in case of misalignment between scans

11 in opposite directions -- and also in case of inadequate
12 wicking to help merge adjacent blocks printed in different
13 5cans.

14 | .
15 Now with these preliminary observations in mind this
16 discussion will proceed to a perhaps more-formal summary.
17 The present invention has at least three main facets or

18 aspects, which are amenable to practice independently of
19 each other -- although for best enjoyment of the benefits
20 of the invention they are preferably used together.
21 In preferred@ embodiments of all of these three major
22 aspects, the present invention is a method of printing

23 images as an array of many pixels, using a bidirectionally
24 scanning inkjet pen. ' |

25 In a first of the three main aspects or facets, the
26 method includes the step of -- while scanning the pen in a
27 first direction -- printing the leading edge of an image
28 element and refraining from printing the trailing edge of
29 that element.

30 The phrase "the leading edge" means the leading edge
31 with respect to that first direction. More specifically
32 yet, the leading edge "with respect to" a given scan |
33 direction is the edge which the moving pen reaches first
34 when traveling in that direction (here, the stated "first
35 - direction").

36 The method also includes the step of ~-- while scan-
37 ning the pén in a second direction opposite to the first

38 ~direction -- printing the leading edge of the same image -
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-8 broadest or most general terms. Even in such general or

9 broad forms, however, as can now be seen the first facet
10 of the invention refines and enhances the art of inkjet

11 printing.

12 In particular this new print mode tends to signifi-
13 cantly enhance the image quality by concealing fine spray
14 within the interior of each image element.

15

16 Although the invention thus provides very significant
17 advances relative to the prior art, nevertheless for
18 greatest enjoyment of the benefits of the invention it is
19 preferably practiced in conjunction with certain other

20 features or characteristics which enhance its benefits.

21 For example, it is preferred that the method further

22  include the stép of -- while scanning the pen in the first
23 direction %- also printing at least one interior portion
24 of the same image element.

25 When the interior of an image element is large enough
26 to be subdivided, preferably the interior portion is

27 separated from the leadlng edge printed while scannlng the
28 pen in the flrst dlrectlon, and is substantially adjacent
29  to the leadlng edge pr;nted while scanning the pen in the
30 second direction. Thié separation has the beneficial

31 effect of av01d1ng the' prlntlng of overwide edges, and

32 thereby avoiding generdtlon of runners, mentioned earller.
33 In addition the method further includes the step of, ‘while
34 scanning the pen in the second direction, also prlntlng at
35 least one additional interior portion of the same image
36 element. This additional interior portion is separated

37 (for the same reason as just stated with respeCt to the

38 first direction) from the leading edge printed while

R. Sperry / January 30, 1994 10 P. Lippman / PD-1093776-1 XHPC-25



Substitute sheet - 27 August 1996 L _ Thws}leetﬁifee e
main ok primary dot. In any event in conmercial 'pract!(_:gﬂllmt | : l at -
| east part of it remains. Still other known print-quality defects ™
have not baen satdafrii@rity psierias sk | fe€Ond i QUFbBE1BA| NAnADY8SsubBtan~

particular jt iskpoy ! Lo V& d 'd§i§8”258208§ih€286wﬁi &¢°s2anning
IR Yo of

printed all” at once,

3 the pen in the first direction.

4 In such cases it is preferable too that the method

5 include the step of -- before printing either leading edge

6 -- analyzing the image element. Such analysis is used to
7 determine which pixel columns are leading edges with

8 respect to each scanning direction, which pixel columns

9 are the first-mentioned interior portion, and which pixel
10 columns are the additional interior portion.'

11 - As suggested earlier the invention forees the trail-
12 ing edge of each image element to become,and to be hidden
13 within, the interior of that element. In abstract or

14 philosophical effect each image element is folded inward
15 upon itself to protect the viewer from relatively poorer-

16 quality edges, like the rolled rough edges of a sheet-
17  metal part that are hidden by a solid portion of the same

18 part. As a practical matter, however, it may be more
19 meaningful to say that each image element is strategically
20 subdivided into subelements, and each of these subelements

21 is printed in a way that is subject to the intrinsic asym-
22 metry of print quality, and therefore is subject to print-

23 quality defects -- but the subelements are reassembled to
.24 form the starting, desired image element in such a way

25 that solid portions of the subelements hide the defects.

26 I have found that further significant image enhance-

27 ment can be achieved by preferably also including a step

28 of -- before printing either leading edge -~ analyzing the

29"."image element to determine too which pixel rows are top

30 edge, bottom edge, and vertically middle segment of each

31 image element. In a related step, these top and bottom

32 edge rows, above and below the previously mentioned "addi-

33 tional interior" portion, are associated with the leading

34 edge and first-mentioned interior portion printed in the

35 first direction; for printing during scanning in the first

36 direction; and the top and bottom edge rows, above and

37 below the first-mentioned interior portion, are associated

38 with the leading edge and additional interior portion
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| si on does no ocus, as.wel
number of pixel rows to serve as top and bottom edges in

such a way as to optimize print quality. More specifical-
ly the analyzing step preferably includes selecting the
number of pixel columns to serve as leading edges in such
a way as to obtain an optimum tradeoff between adverse
effects of runners and adverse effects of surface tension.

Methods in accordance with the first aspect of the
invention preferably include performing the image-element
analysis for all elements in the image -- that is to say,
before printing an image, analyzing the entire image to
determine which pixel columns are leading edges of image
elements within the image, with respect to each scanning
direction.

In preferred embodiments of a second of its main
facets or aspects the method of the invention includes
the steps of:

« while scanning the pen from left to right, printing
the left edge of an image'element.and refraining from
printing the right edge of that element; and

« while scanning the pen from right to left, printing
the right edge of the same image element and refrain-
ing from printing the left edge of that element.

In preferred embodiments of a third of its main
facets the method includes the step of analyzing an image
element to determine which pixel rows should be treated as
the top edge, bottom edge, and vertically middle part,
respectively, of the element; and to determine which pixel

R. Sperry / January 30, 1994 . 12 P. Lippman / PD-1093776-~1 xHPC-25



m.sal i-gnment between adj acent pen swaths; yet these tech- niques do have
dr awbacks. - Suppressing the total anmount of ink has sone at | east

slight adverse effects qn hue accuracy and col or_satura- tio re

b an e ¢ Al eI BE et A Ss vhne, 19FE BRa, Fight ¥BG8s, ana
correlated w tfirstspand sacomhgntdnicet porsions, - respectlivelgk of the
suppressiqp may %9%5h¥ starve sone inmage areas that actually are not
subject to vw(ﬂ8¥uf : D viding i mage segnents for printing in three or
more succkessive scaits thiss ttheind stalvent biye ahalyzingsshgpt hocludesired
printing td ne. : NeSRibES S L1l e agef ekl and
runners. 3 %é?%%%?ggéggie,\mfii%% #gwﬁggg_gﬁgfguésf§§Bb?§§gb§§?%&
panses of Tont i9AERS iMIEYRh DWIhaast FeropbhBizahiRaga| guality. The

7 method also includes the steps of:

8

9 ~+ while scanning the pen in one direction, printing the
10 top and bottom edges above and below the first inte-
11 rior portion; and

12 |

13 « while scanning the pen in a second, opposite, direc-
14 tion, printing the top and bottom edges above and

15 below the second interior portion. '

16 _

17 All of the foregoing operational principles and

18 advantages of the present invention will be more fuily
19 appreciated upon consideration of the following detailed

20  description, with reference to the appended drawings, of

21 which: o | . —

22 This Sheet Has Been Replaced
B sesccemon or mom onmnmes | MIHNAE -
24 DESCRIPTION OF THE DRAWING -
25. . | E . .
26 _ Fig. 1 is a very schematic diagram Showing in isomet-
27 ric or perspective view what is meant by "leading edge" -
28 and "trailing edge" in an inkjet printing context for pen
29 movement from left to right;

30 ' Fig. 2 is a like view for pen movement from right to
31 left; _

32 Fig. 3 is a reproduction of a photographic record,

33  greatly enlarged, of a narrow vertical line printed on an
34 inkjet printer:; ' _

35 Fig. 4 is a view like Figs. 1 and 2 showing one step
36 of a print-mode method according to the present invention;
37 Fig. 5 is a like view showing a later step of the

38 same print-mode method; o
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5. Substitute sheet -5 Septenber 2001 yery narrow portions are
printed, edges objectionably reveal t he pi xel structure conspicuously
as a distinct scal | oped or serrated pattern, because surface tension

i s”inadequate to Figul§ ishean rﬂdqmbizedutalhuabretmarpﬁ 8t reilghiobshder .

5 Eard i er thﬁvFEerFDPﬁ?e "yl ARE! LigLYg Qﬂ&egsed tRb%ing in

pr obl em As w Il be apparent 1t _ten gres
3 partlcu ar the effects of surface— ension smoothing and

4 runners;

5 Fig. 7 is a diagram of the same relationship in a

6 somewhat more quantified form:;

7 Fig. 8 is a schematic representation of simplified

8 pixel-wise division of a horizontal line into outside

9 edges and a single interior portion in accordance with

10 the present invention; '

11 Fig. 9 is a like representation of simplified divi-
12 sion of a horizontal line into outside edges and two

13 interior portions, also in accordance with the invention;
14 Fig. 10 is a like representation of a two-dimensional
15 image element printed in two passes, using the Fig. 9

16 division;
17 Fig. 11 is a like representation of simplified divi-
18 sion of a vertical line into top, bottom and vertiéally
19 middle portions; '

20 : Fig. 12 is a like representation of the use of an

21 overlap dot to prevent image defects due to interscan

22 misalignments;

23 Fig. 13 is a view like Fig. 10 but showing prelimi-
24 narily how the simplified horizontal-division method of

25 Fig. 9 is integrated with the simplified wvertical-division
26 method of Fig. 11, in printing a single image element;
27 Fig. 14 is a related view showing an algorithm for

28 operating on the Fig. 13 blocks:; o

- 29 Fig. 15 is a three-step progressive view like Fig. 10

30 but showing how the integrated but preliminary scheme of
31 Figs. 13 and 14 is carried on to complete implementation;
32 and |

33 Fig. 16 is a photographic reproduction of four gréat-
34 ly enlarged photographic records of a word printed on an
35 inkjet printer, contrasting performance of the print mode:
36 of the invention with three conventional print modes.

37

ThlS Sheet Has Been Replaced’

. _ i
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to be exacerbated by the overall ink-suppressiqn or ‘mul ti scan i mage

di vi si,ons di scussed above. Anot her known print-qguality inpairnent
relevant to the 10 present invention and to other bidirectional printing
systenms, 1s LOEDEDESCRIDET ans in ppOS|T@8$wﬂfﬂsB@nR

This problemis |f.este [ unprlnt
color (fo exammwem pi xel bl oc ﬂlﬂ mﬂﬁmlﬁm
opposi te-dBrection scans, 15 fail to nmerge visually into a single apparent

i mage el engnt. 4 TRAIEEﬁGaBﬁbeEERbEﬁ&ﬁBDE%%%'” pat ent document offers

one val uabl e solution to such pro ugh it depends for its
full effecPiveness upon good consistency of nmotor speeds I n the reverse
or retracegdirectionag ugbat 1ﬁokﬁﬁboaoﬁ:%ﬁle¥& e%ﬂi@’ﬁéﬂh@ﬂ%éﬁ e and
unprint ed gaps wher e, bl ocks of plxe S . %grn i n opposi t.e, |rect|ons
fail to be spac%—%%i%ﬁﬂ%?—gg aze dpt eﬁ&ya%%fﬁy e fGapHigggtion of the
8 printer carriage. "Leading edge" designates the first
9 edge of the vertical line printed, and "trailing edge"
10 refers to the last edge printed. .
11 Fig. 1 shows in three successive subviews the print-
12 ing of a vertical line 1, 2 two pixels wide onto a sheet
13 52 of paper or other printing medium, when the pen 51 is

14 scanning 53, 55 from left to right, and identifies the
15 associated leading edge 1 and trailing edge 2. 1In the

16 first (left-hand) subview, during its rightward scanning
17  motion 53 the pen 51 ejects a first column of inkdrops 54.
18 In the second (center) subview those drops are seen
19 to have formed on the print-medium sheet 52 a column 1 of

20 pixels -- this will be the so-called "leading edge" of the
21 finished line. To the right of each dot in the first

22 column 1 there has been drawn, in this second subview of
23 Fig. 1, a narrow rightward protuberance or extension 3.

24 This tail-like extension 3 symbolizes the so-called
25 "secondary dot" mentioned earlier, and will be discussed
26 in some detail shortly. Also in this second subview, the
27 pen 51, while continuing to move 55 in the same direction,
28 is seen to be ejecting a second column of drops 56.

29 In the third (right-hand) subview the pen 51 has

30 completed its scan, and the second column of drops is seen
31 to have formed on the sheet 52 another column 2 of pixels
32 -- the so-called "trailing edge™ of the finished line.

33 Here the leading edge 1 is the left side of the line and
34 the trailing edge 2 is the right side.

35 In this view the protrusions from the first column 1
36 of dots, however, are no longer visible: they have been
37 buried in the more massive ink deposit of the second

33 column 2. Each of the dots 2 in the second column, howev-
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It may not, however, cure a gap in which fallure to Th8$w&mhtB n REp)

results frominadequate w cking between the 25 _ one
being already dry. A sinpler sol ution to i*nt imu&ﬂlmmmlnmen
artd one whiych R, h@la% bedr? &Il Ji¥R Qaﬁéﬁt'rbéfdpfé’?i-eglée PfgtPﬁsu)n 3

usef ul . reto ore these consi derations have not aken Into

account in Zevi SR o fhese rof BRetIHFFRtCald®Rty. 30 Thus i nport ant

aspects of g3he technamgy rits ashtttert eold | galy naéltb@luﬁﬁgnarenaqgeegated
anenabl e to useful .refin '

th t
o art i soiinsis Eiiidn ne %%Eg%%ﬁoﬁafumk}%tas?%ﬁvﬁﬁge%hﬁffﬁ?n

each cheﬂ act ero]nmxbe:mrseddmia:sy pdots t tihatdarat viaibkadi ny mose3accu-

o DT e e 30 £ BOELLORCRE B BECPn0D 8 srubflfBcd pass

of - the inkjet pen,
backward pdks. appears in Fig. 3, which demonstrates a typical difference

8 between the leading- and trailing-edge quality of a print-

9 ed line.

10 As seen in Fig. 3, the leading edge 1 more closely

11 approximates a straight line. The sharpness of the trail-
12 ing edge 2 is irregﬁlar 3 due both to edge roughness and
13 to increased amount of spray; the overall result is that

14 the print quality of the leading edge 1 is superior to

15 that of the trailing edge 2.

16 Fig. 2 shows phenomena analogous to those of Fig. 1,

17 for printing of a like line 1’, 2’/ when the pen 51 is

18 moving 63 from right to left. The first subview (in this

19 case the right-hand subview) portrays the pen 51 moving 63

20 leftward and ejecting a first column 64 of drops.

21 These drops in the second (central) subview are seen
22 to have formed on the sheet 52 a first column 1’ of pixels
23 —- the "leading edge" in this leftward scan ~-- together

24 'with an associated column 3’ of secondary dots, which in
25 this case are leftward from the column 1’ of primary dots
26 rather than rightward as in Fig. 1.

27 The second subview also shows a second column 66 of
28 drops-being ejected whiié the pen 51 continues its left-
29 ward scan 65. The third subview in Fig. 2 shows the

30 resulting'two—pixel—wide line on the sheet 52 after the

31 'pen 51 has completed its scan -- namely, the leading edge
32 - 1' on the right and trailing edge 2’ on the left.

33 Once again the first column of secondary dots has

34 been burled in the second column 2’ of primary dots, but
35 in this third subview a new array of secondary dots 3/ has
36 been created -- still leftward from the associated primary
37 pixel column 2. Figs. 1 and 2 demonstrate that:

38 '

R. Sperry / January 30, 1994 . 1lé6 P. Lippman / PD~1093776-1 xAPC~2S



Substitute sheet - 27 August 1996 This Sheet Has RY OF
THE DI SCLOSURE Part of the creative contrlbutloiyﬂn !ﬂ

i nvention resides in the recogn|t|on that, since the' assunptlon of
drop symetry desctibbe headingredge fact ‘f gA%e beaataedithieghdihedgyighd: ofr

freedon1|52ava||- left side of the printed vertical line, depending on
the direction 53/55, 63/65 respectively in which the

4 pen 51 moves; and
5 .

6 - an irregularity, symbolized in these drawings by the
.7 tail-like secondary dots 3, 3/, always appears at the
8 trailing edge 2, 2’ of any unidirectionally printed

9 inkjet image.
10 _ _
11 It can be appreciated from this presentation that like .
12 irregularities 3, 3’ appear as well at both edges of any
13 inkjet image printed bidirectionally, if such an image is
14 printed using a conventional print mode known heretofore.
15 It will be understood that these drawings are only
16 examples. Analogous identifications of leading and trail-
17 ing edges can be established for systems in which pen

18 scanning occurs along axes other than the horizontal --
19 whether vertical or oriented at arbitrary angles.

20 Since leading edges 1 are superior to trailing edges
21 2, it is desirable that all vertical edges printéd be
22 leading. This can be accomplished by using a bidirection-
23 al print mode as described below for a like two-pixel-wide
24 line. _
25 As the pen carriage moves 73 from left to right (Fig.
26 4), the pen 51 ejects inkdrops 74 to create a first column
27 1 of dots (pixels),'whiéh will constitute a leading edge
28 of the finished line. 1In Fig. 4 as in Figs. 1 and 2, the
29 roughness on the trailing side of this pixel column 1 has
30 been incorporated into the illustration, symbolized by a
31 rightward extension or elongation 3, corresponding to the
32 irregularities 3 of Fig. 3.

33 The direction of pen-carriage scanning is then re-

34 versed (Fig. 5). While the pen scans leftward it ejects a
35 second column 84 of drops to make a second column 1’ of

36 dots on the sheet 52.

37 Thus both edges 1, 1/ of the resulting vertical line
38 are leading edges. The seconq column 1’ of dots, however,
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abl e -f-or optim zation of print quality. In fact print quality is subject to
refi nesment and enhancenent through print nodes based on correcting that
assunption; the present invention introduces such refinement. ' Bef or e
offering alrel aBPYePYriegothassarepdasyodoss Bhassosdared widih ithe fgat

informal ogient@bi@iinWi! bebaopsOLidgddhend skicondial E? R tnder $hand ddaly
these firs; co nts_are not |ntendegllﬁlg tatene of the invention. They
t

are sinply3in t hBenBFAressr of ngrpRTre n 1 ‘c QUSIRRINES
the princi#les ungnfmgsthcgmgmnngebflQﬂkbscbaﬁeddots. The invention

b d |1 | it
by 1 orci ngot he | ese. ABcrt EEPuEFBEo ke Beriedi RBRFy (hiE: ndtihen’

be 6 column of secondary dots can be seen. This advantageous
7 result will obtain regardless of the number of adjacent
8  columns aggregated, provided only that one or two dot col-
9 umns along each edge are printed while the pen scans into
10 the aggregation of columns from the adjacent unprinted or
11 background area. _ _
12 (In some extreme cases the irreqgularity or secondary-
13 dot phenomenon may extend over more than one pixel width.
14 For such cases, for vertical lines more than three columns
15 wide, it is desirable that the dots printed as the "lead-
16 ing edge" consist of two pixel columns rather than just
17 one.) ' ' '
18 : This Sheet Has Been Replaced .

!
b - i

20 2. LINE WIDTH

21 :

22 The quality of a vertical-line edge depends on the

23 line thickness, or width -- the number of dot/pixel col-
24 umns that make up the line. 1In a‘vertical line 13 (Fig.
25 6) only one dot wide, there is often not enough ink for

26 the surface tension to smooth out the vertical edges:;

27 therefore these exhibit a marked scalloping effect 4,

28 a series of pronounced inward-pointing cusps.

29 As more ink is laid down -- for instance in a two-
30 column-wide line 14 -- the vertical edges 5 become some-
31 what smoother but perhaps not entirely straight. As the
32- width of the line continues to grow, perhaps to a three-
33 column line 15, the vertical edges may be much more nearly
34 straight, but another effect becomes noticeable: -

35 The amount of ink laid down begins to be excessive,
36 and the extra ink starts to move by capillérity -- or

37 Ywick"™ -- into the paper fibers, causing visible runners 7
38 - to extend or "feather" outward from the edges. The extent
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hi dden within, the interior of that image elenment. .To achi eve this ef fect,
certain strategically selected parts of each elenment are printed during
scanning of the pen in one direction and certain other parts during

scanning in an ofpewdthe edigec @nodthness AWl TAtKEPIhPI 7 NdSpéids t SBFbhGTy

edge -- thgt IS,

ast en, nbyvi n

d h . h | , i Q. .
particul ar “di r e %‘R’% E’ﬂg(ﬁtfitoﬁg' 7 {qgg%r? RS g%’h“-b’bﬁ&%ﬁ@%’ﬂ&?ﬁi
modes, wouldd al howeviesr ,aldsve gemeraie dndtittexr syghible t thd enyminge co £ decbEyons!

that edge ignto mﬁﬁ@o?gﬁﬁ%ﬂ o ung £,§g§e§§gﬁggggl?%\%§5§i%?§§§ag ee

of the color being pri'n

blurry edg®
the interigr or

interior f(;}r s an anaTloytiln(i:al I

8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38

| ereby generating a ver ! .
16 imsFagy &dclevendmadlintthemdoes 8 | kechmg @wdifee-stpaight

A eHe rubbdreid Wendth L€ HiREISrd So WSl ER0MEPet 88y . 1 1S

sepa-
egfétel%hese observations, the important trends

observed with increase of the number of pixel columns are

(1) edge smoothing 8 and (2) feathering 7, 9. Fig. 7
shows how the two trends can be optimized in a quasi
quantitative sense.

In Fig. 7 the PQ ("print gquality") scale from "good"
to "bad" quantifies on a common, standardized basis the
visual perception of both runners 107/109 and surface-
tension smoothing 108, using as a PQ measure the areal
deviation per unit length of line. The areal deviation is
the printed area that extends beyond a smoothed, average-
position edge (in this case rectiline&r)Q**Thus an ideal
or "good" edge has PQ = 0 (as it too, for this case, is

‘rectilinear). The PQ sum or aggregate 110 goes through a

minimum, which is an optimum point 110 for the particular
combination of printing medium and ink formulation in use.

With respect to horizontal lines, a further distinc-
tion is useful: the distinction is between the boundary
10, 10’ (Fig. 8) and interior 20 of the line. The bound-
ary of a horizontal line is, or boundaries are, the first
and last dot segments 10, 10’ that compose the line.-

For optimal results either or each boundary may
consist of two or more dots. For instance two dots are
shown as making up only the left-hand portion of the
boundary 10 in the first subview of Fig. 8, but both left-
and right-hand portions of the boundary 10’ in the third
subview. ' | '

One can divide the horizontal line even further into
a right-side component and a left-side one. This results
in four sections (Fig. 9) for each horizontal line: left
end or edge 11, right edge 12, left interior portion'21
and right interior portion 22. :

This Sheet Has Beqn.'képlace&

Vit
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rate portion. If the inmage is wder still, it is subdi- _
-Substktute sheet - 27 August 1996 Cthe | d-? vhded and
t he subparts aSSOCIated f or r|nt|n oses, Wt e | eadi ng edges
respectheﬂy THIEEGRA £%$h¥ﬁatﬁn%@rt@BﬁIMEMpWIHTEd in the
same scan @i th one ofAnmeEﬂmmrflaismtﬂmIéidn@ ¢oneEpgsedge in one scan
direction)., An additional discrete interior portionis printed in the sane
scan with the other of

4 Integration of the above concepts results in an

5 optimized print mode. The three concepts to be integrated

6 are:

= .

8 » two-pass, bidirectional, ieading-edge-only printing;

9
10 - optimal line width; and Thils Sheet Has Been Replaced

" . i ik

12 + the four horizontal-~line subdivisions.

i3 '

14 To print an image element (a representation of an object,
15 an alphanumeric charaCtér, etc.) in a two-pass mode re-~

16 quires dividing the element into two main components, one
17 to be printed on each pass, such that when the two compo-
18 nents are together on the printing medium the original

19 image element appears. A further criterion for this print
20 mode is that, when possible, both the right and left

21 boundary thicknesses are optimized.

22 To construct of the two main components, the interior
23 of the image element is divided ihto two portions and each
24 portion paired with its gpposite boundary. For example a
25 left inside portion 21 (Fig. 10) is part of the same main
26 component as -- and is printed in the same pass 31 with --
27 the right boundary or edge 12: and the right inside por-
28 tion 22 is part of the same main component as, and printed

29 in the same pass 32 with, the left edge 11. 1In Fig. 10
30 all of the stippled dots 31 make up the material printed

31 in one pass (for instance a first pass), and all of the

32 "X"-filled dots 32 make up the material printed in another
33 pass (for instance a second pass).

34 As will be seen shortly, Fig. 10 represents a simpli-
35 fied special case of applying a more general algorithm;

36 the illustrated print mode is the simplest expression of

37 the three concepts listed at the beginning of this sec-

38 tion. A root understanding is that print quality is
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the |l ateral edges (the | eading edge in the oppesite scan direction).

I n any.event, during scanning in a first direction nmuch of the previously
ment i oned fine that arjises fromprinti of the | eadi ng edge and
interior rt|digb%gﬁ%ﬁBs??eﬁhﬂn?ﬁ?ﬂrtﬁEdaPGQgPﬁaPYsHB&FE e Alaceg
edge -- anﬂ thionatiea pagéilled in solidly at the beginning of_the scan in
a second 3§ opposite direction, for which the area under discu “#@sgmmkqmmai
| eadi ng edge. Conpl enentarily the fine spray fromthat scan is

within thetarea that is filled in solidly at the begi nni ng of t

di rection gcan. ?Rﬁﬂgr rg r f sSpray |s hi
wthin a ;%|Id |eldyb I'n §¥§§%§ sgﬁé gg# Egggﬁay fromthe

first- occuﬁrlng scan is buried in a later solid edge formed in the

second-occurring scapy ARFERESNr&PIAY the optimization, one can find the

- 8 optimal boundary thickness for both horizontal and verti-
9 cal lines. This suggests that even a narrow (e. g., one-
10 pixel wide) vertical line should be split into three parts
11 -- top 41 (Fig. 11), bottom 42, and vertically middle 43.
12 In this part of the process it should not be assumed

i3 that the same thickness is optimal for both directions.

14 Directionality of paper grain, for instance, could have an
15 influence on the extent of surface-tension effects.

16

17 When two dot groups 31la, 32a (Fig. 12) placed by pen
18 scans in two opposite directions, respectively, are mutu-
19 ally well aligned, the groups are spaced apart horizontal-
20 ly by the same spacing as pixel columns within each group.

21 The result, as in the right side of the first (top) sub-
22 view of Fig. 12, is that the groups 3la, 32a merge to look

23 like a continuous horizontal line -- or, in a taller image
24 element (e. , wide vertical line), a continuous field.
25 In case of imperfections in dot-placement accuracy of
26 the printing system, particularly interscan misalignments
27 as between opposite-direction pen scans, another refine-
28 ment may be needed. One effect of such misalignment can |
29 be a small displacement 33b between the groups of dots, as
30 seen at left in the second (center) subview of Fig. 12.

31 Such misalignment results (right side of second sub-
.32 view) in interruption of the finished composite image

33 element by a narrow white (or other background-color) gap
34 33 -- or vertical stripe 33, for a taller image element.
35 For elements just two pixels wide (not shown in Fig. 12).
36 the only solution may be to improve interscan tolerances.
37 : One particularly effective way of doing so is set

38 forth in the previously mentioned Gregory D. Raskin co-
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from.the second-occurring scan is inperceptible because it overprints the
solid.edge fornmed in the first. Thi s di scussion suggests that the
width of a "leading edge" preferably is great enough to enconpass all or
most of thd ovebPemedndopadentt dposmente cineorreratsd by teeferenpg inteohus

capture ally t he +H3aodumepte ; I‘I@’%M%eéﬁﬁfﬁ@@%&ﬁ@e'ﬁ‘sé&@b?%ﬂée

of | eading-edge wdth to be larger than desirable wth respect to other

criteria. 3 FASEa Pt MHdeT ltlﬁ’@swacﬁ V¥l a arp%agppxﬁgb%%ecaq;gs beRPUf | ned
to optimza pri ahb@tt&lrﬂﬁ:salmy UiGEHA 1Y 1S tol9iedbfondbPe SPEAYpangsal so

finding the best trageo en two osite ng_s {ace t ension

effects mentioned earOF e ln%ﬁﬂ Jggﬁﬁﬁﬁﬁ1e Qé%h?ﬂgﬁ%fu 17Ret? HBpear

when very 6 guarantee overlap of adjoining segments as by providing an.
7 additional overlap dot 34 (third subview in Fig. 12). As
8 will be understood by people skilled in this field, this

9 technique should be used in such a way as to accommodate
10 relative misalignments in either direction, and may result
11 in substantial extra ink usage —-- particularly for narrow
12 image elements. -

13 ' cet Has Been Replaced

» e

15 5. OVERALL TECENIQUE .

16

17 All of the provisions described above can be combined
18 in a single print mode. This process results in a new

19 algorithm for dividing each image element into two compo-
20 nents printed in two passes respectively. _

21 An eight-by-seven image element or block 100 (Fig.

22 13) is used for a demonstration. For this exanmple, the

23 optimal line width is arbitrarily taken as two pixels

24 horizontally and two pixels vertically.

25 Preliminarily, the microprocéssor firmware must

26 analyze an image that is to be printed, to determine

27 whether any such distinct image element or block 100

28 exists within the image -- and, if so, to determine its

29 boundaries. Such dissection requires scanning the overall
30 image or parts of it for groupings of pixel columns or

31 rows in excess of the optimal widths or heights, respec-

32 tively, of edges.

33 In principle this image-element identifying or sens-
34 ing step may be performed to completion for the entire

35 image before printing of any part of the image (or of any

36 image-element block) begins, or may be perfofmed for an
37  entire image element before printing of any part of that
38 element begins. Still another possibility is to perform
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wi de .portions are printed all at once, creating a TmsmmmlhsBuqummai

§ Substitute sheet -5 Septenber 2001 miﬂm mmmgwd
ink. This effect tends to favor defini ng th rrow.
* 1 the analysis on a progressive basis in ich block—sen51ng
2 continues while printing proceeds.
3 The selection of one of these three basic approaches,
4 or any other, should be made on the basis of tradeoffs be-
5 tween considerations including throughput (that is to say,
6 overall printing speed) on the one hand, and memory capac-.
7 ity and firmware simplicity on the other. 1In any case the
8 dissection or identification step preferably should stay
9 ahead of the printing step by at least the number of pixel
10 rows that is used as the optimal edge height.
11 Next, two pieces of information are associated with
12 each dot that makes up the eight-by-seven block 100 --
13 ' '
14 - a horizontal-portion label: outside right 112 (Fig.
15 13, central section), inside left 121, etc.; and
16
17 - a vertical-portion label: top 141 (Fig. 13, third
18 section), bottom 142, or vertically middle 143.
19
20 This allocational step too may be performed.on a whole-
21 image, image-element, or progressive basis.
22 " Then a simple algorithm is appliéd, using these two
23 pieces of information to decide which dots should be
24 printed in a first pass 131 (stippled dots, Fig. 14) and
25 which in a second 132 ("X"-filled dots). The result of
26 applying that algorithm to the blocks shown in Fig. 13 is
27 shown in a first section, "Step 1", of Fig. 15; in princi-
28 ple either pass 131, 132 could be first and either could
29 be second, but for definiteness one group of dots (stip-
30 pled, 131) will be taken as first.
31 One poss1ble method of dot overlap is incorporated in
32 ~ the second sectlon, "step 2", of Fig. 15. Additional dots
33 134, 1347 (downward—-angled hatching) required for overlap
34 are positioned along each of the interfaces between the
35 _two components 131, 132. ,
36 | ~ As shown, the overlap dots 134, 134’ may be placed -
37 along interior left edges or interior right edges, or some
38 of each. In particular, for example, one group of overlap
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hj ecti onabl e scal | oped or serrated patterns appear | ﬁy
very narrow portions are printed. Thi s 4 M!"di i
defining the "edges" w de. CNerIap dots in

the portidn pridf %?ﬁ 156ﬂ§¢@¥“0?1%65h e bevasdzfacing defs 395P§l°r
narrow ung i nt Eéhgdcbﬂaﬂﬁe fFigh€aEEadDé atﬁabfgﬂﬁﬁnflrgﬁtﬁﬁga ds€api ockn

t ctio and also in case guat e ckin he
ﬁgfgzlagjé%ent 6Rsr§h7Fn¥§i??l%ﬁYfer%ﬂteggﬁnggag gaces“%owﬁﬁ%’ﬂgpﬁrthese
prelim nar4y obsiotstodnshe nsamendfihss-pdSsddstubiook 8Ll proceed to
per haps a gYor e- for maf‘he S Ader of T@fr‘e p&\?é].efépl HXEQE' ggiﬁisoﬁ&yl ggsgn

three main facets or
6

example, are all shown along outward-facing edges -- that

7 is to say, edges that face toward dots laid down in “the

8 opposite-direction pass. A depleted dot-overlap profile

9 may be sufficient to mask undesired gaps. '

10 The third section, "Step 3", of Fig. 15 is the result
11 of juxtaposing the two components of "Step 2", assuming an
12 interscan alignment or placement error of about two-thirds
13 of a pixel row. More specifically, the second#pass'compo-
14 nent 132 is drawn misplaced or displaced to the right

15 relative to the first-pass component -131.

16 This "Step 3" drawing has been assembled so that
17 where overlap occurs the second-pass component 132 --
18 together with those of the overlap dots that are drawn in
19 "Step 2" associated with the second-pass component 132 --

20 is on_top of the first-pass component 131 and its associ-
21 ated overlap dots.

22 Thus the previously discussed inward-facing dot row
23 134’ of "Step 2" does not come into play, being completely
24 covered by the two pixel columns of the inside-left block
25 that is part of the second-pass group 132. That inward-
26 facing dot row would actually be used bnly if the second-
27 pass component 132 were displaced to the left..

28 As can be seen from the "Step 3" composite ~- partic-
29 ularly near the left edge of the array -- if the leading
30 edges were defined as only one column wide (or if the line
31 or image element were only two pixel columns wide) the

32 spray or secondary dots due to the overlap dots 134 could
33 project beyond the array boundary, once again degrading

34 print quality. Hence the overlap-dot technique may be

35 inappropriate for such cases.

36 Inspection of "Step 3" also reveals that some overlap
37 ~ dots (those printed in the second pass 132) partly over-
38 print dots that form the image proper (dots printed in the
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al t hough for best enjoynent of the benefits of
preferably used to ether 20 In preferred enbod
these threb mafbFSt Pagspécvherens prassncverlam dots. d thoms mmmted in
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This- SheetHa Bean ?
aspects, which are anenable to practice |ndependently ﬂ!i £} =

8 Fig. 16, upper right-hand view, is a resulting image
9. printed on an inkjet printer -- unmodified except for
10 incorporation of this algorithm into the operating pro-
11 gram. For comparison the remaining three views exhibit
12 the same subject matter printed on the same printer but
13 conventionally: unidirectional single-pass images, re-
14 spectively right-to-left and left-to-right scans, in the
15 two left-hand views; and a bidirectional two-pass image in
16 the lower right-hand view.
17 Thus the upper and lower left-hand images exhibit

18 relatively severe blur at, respectively, the left and
19 right sides of eaéh vertical stroke; and that same severe
20 degree of blur is seen at both sides of each stroke in the
21 lower right-hand image. The upper right-hand image, by
22 comparison is relatiﬁely much clearer or cleaner, at both
23 sides of each vertical stroke.
24 These samples were made using an inkjet printer of
25 the Hewlett Packard Company, specifically a DeskJet Model
26 550c. The microprocessor in the DeskJet 500 family of

27 printers has enough computing power to implement bidirec-
28 tional, two-pass print modes described in this document:
29 accordingly application of this invention is, at least in
30 principle, not limited to new products but alsoc available
31 on a software-upgrade basis (e. g., with Windows® by mere-
32 ly transmitting a suitable printer driver to the printer)
33 for use in any printers of that model family, or other
34 model family with comparable or greater computing power.
35 '
36 The foregoing disclosure is intended to be merely

37 exemplary, and not to limit the scope of the invention --
38 which is to be found by reference to the appended clainms.
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direction is the edge which the npbvingper—+eaches Tirst ?Thmshwﬂh$Bamé¢@hc
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the step of -
1. A method of printing imagés as én array of many

pixels, using a bidirectionally scanning inkjet pen; said .
method comprising the steps of:

while scanning the pen in a first direction, printing
the leading edge, with respect to said first direction, of
an image element and refraining from printing the trailing
edge, with respect to said first direction, of that ele-
ment; and

W 0 NN & O e W

while scanning the pen in a second direction opposite
to the first direction, printing the leading edge, with
respect to said second direction, of the same image'ele-
ment and refraining from printing the trailing edge, w1th

o
W N RO

respect to said second direction, of that element.

2. ° The method of claim 1, further comprising the step
of:

while scanning the pen in the first direction, also
printing at least one interior portion of the same image
element.

N WD
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the pen in a second dlrectlon opposite to the f|r rintin
t he | eadi ng edge of the sane |mgge 5 HIIIII”"IHI“IHHIINIH P °
9 Substitute sheet 5 Septenber 2001 elenent and refralnlng from
printing the trairli nfhedgetded ofhgladimerient. Here "the | eading edge"
means the heading wl@;&e\m Rnee IpREr iy tgertshewnik dsepatabed fhomh is to

say  the gdge Wai.ch L8 i LdP PiShidd Sinife 4B onlt "péfiCin the

4 first dlrectlon, and is substantially adjacent to the

5 leading edge printed while scanning the pen in the second
6 direction; and '

7 further comprising the step of, while scanning -the

8 pen in the second direction, also printing at least one

9 additional interior portion of the same image'element:

10 said additional interior portion being separated

11 from the leading edge printed while scanning the pen in
12 the second direction, and substantially adjacent to the
13  leading edge printed while scanning the pen in the first
14 direction.

1 4. The method of claim 3, further comprising the step

2 of: _

3 before printing either leading edge, analyzing the

4 image element to determine which pixel columns are leading
5 edges with respect to each scanning diréction, which pixel
6 columns are said first-mentioned interior portion, and

7 which'pixel columns are said additional interior portion.

i This Sheet Has Been Rep laced
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general terms. Even in such general or broad forms, however, as can now

pe seen tha 11y, faote Wleddie dNWSURM | CrupeReRANCoRIPPIAS LRE SELRO!.

I nkj et printi.ng. In particular this new print node tends to sighifi-

cantly enhdnce tHe I mge quality by concealing fine spray wthin the

interior of3 each i magmefdmgtinting eitrét NDeghihfeeagdsnahQlytiHg the

provi des very Si ificqpt d%?ngﬁ% relative to th art, neverthel ess
eDd

e prior ,
for greatest enjoyent Bret FeTRIDe Yﬂ%cVnQéﬁgioﬁ°V§ fEe HPRf efdBry
practiced i corjatism crdge ! larckrtarrtticahky middle segment of the image

6 element;

7 associating the top and bottom edge rows, above and
8 below said additional interior portion, with the leading
9 edge and first-mentioned interior portion printed in said

10 first direction, for printing during scanning in said
11 first direction; and
12 associating the top and bottom edge rows, above and
13 below said first-mentioned interior portion, with the
14 leading edge and additional interior portion printed in
15 said second direction, for printing-during scanning in
16 said sécond direction.

1 6. The method of claim 5, wherein said analyzing steps
2 further comprise: ' -

3 selecting the number of pixel columns to serve as

4 leading edges in such a way as to optimize print quality:;
5 and

6 selecting the number of pixel rows to serve as

7 top and bottom edges'in such a way as to optimize print
8 quality.

7. The method of claim 3, further comprising the step
of: _

while scanning the pen in at least one of the two
directions, also printing at least one overlap portion;

said overlap portion being positioned to merge said
substantially adjacent interior portions and edges, in
event of interscan misalignment that tends to separate an
interior portion printed while scanning in either direc-
tion from its substantially adjacent leading edge printed

W 0 60 O b W N M

)
Q

while scanning in the opposite direction.
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features whi ch enhance.
preferred [!!@ m “MMHII urther include

%h@%@%b&?(epla&g@r exanple, it is
pen‘in Lrss  #irection -- also pm

whi | e scanni ng
wl U one interior
portlon of the same inmage el enent. "Wh r of an i mage

el enent is large enough to be subdivided, the interior portion I s separated
fromthe | eading edge printed while scanning the pen in‘the first

di rection! and8i-s sibst aathad phdGiaht 21 oL erENeEagPRYrégdagpiie: s¥emhil e
scanni ng yhe pgg.in the second direction. This separation has the
beneficial effect of avordlng the printing of overw de ed es, and thereby

avoi di ng denerati on™ ing R e edR| REr 1epFt, P8n ke t¥X hod
further’ igcl udas riehe iBmy, (Hlsd\/f'pﬂ'ﬂ'x’siﬁ@naﬁglébgtpaﬁel a:v@ieaifcwid:mn,
directi on, al so printing ateleast oneraddi plonal LaLeron Aqut Lo ol the,
sane i mg
6 sald leading edge printed while scanning the pen in the
7 second direction; and
8 said overlap portion being positioned to merge said
9 interior portion with said leading edge printed while
10 scanning the pen in the second direction, in event of mis-
11 alignment that tends to separate the interior portion from
12 said substantially adjacent leading edge printed while
13 scanning in the second direction.
1 9. The method of claim 2, further comprising the step
2 of: . _ |
3 before printing either leading edge, analyzing the
4 image element to determine which pixel columns are leading
5 edges with respect to each scanning direction, and which
6 pixel columns are said interior portion.
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el enent . ‘This addi t““lmmlll‘l“ Illl”“lllrtlon is separated (for the same reason

as.just stated with fespect to the*first direction) fromthe |eading edge
prlnted whi l e Substitute sheet - 27
August 1946 10. The method of claim 1y fughher ngeRRELpEAgi Bhenstspcond
directionz andoks substan- tially adjacent to the |eading edge printed

whil e scagning the pen in the fi.rst direction._, n such cases it is
preferablg t 00 that%ﬁ%@:ﬁbgﬁa@tlng elther leading eége, analyzing the

image element to determine which pixel columns are leading
5 edges with respect to each scanning direction.

1. The method of claim 1, further comprising the step
of:

before printing an image, analyzing the entire image
to determine which pixel columns are leading edges of

image elements within the image, with respect to each
scanning direction.

A O H» W N

I‘hjs uheet Has BePn Rep lac

o VT

12. The method of clailel, wherein:

said analyzing step comprises selecting the number of
pixel columns to serve as leading edges in such a way as
to optimize print quality.

W N

13. The method of cla;lzzl, wherein:

said analyzing step comprises selecting the number of
pixel columns to serve as leading edges in such a way as
to obtain an optimum tradeoff between adverse effects of
runners and adverse effects of surface tension.

g s W

14. A method of printing images as an array of many
pixels, using a bidirectionally scanning inkjet pen; said |
method comprising the steps of:

while scanning the pen from left to right, printing
the left edge of an image element and refraining from
printing the right edge of that element; and

while scanning the pen from right to lefﬁ, printing
the right edge of the same image element and refraining
from printing the left edge of that element.

w N

O 0 N O O L
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i ncI ude t,mm“mulumummore printing either |eading edge -- analyzing the

i mage ‘el ement’. SucH ahal Ysis is used to det er ni'ne whi ch pi xel columms are
| eadi ng edges with respect to each scanning direction, which pixel colums
are the filrst- M i dneu:btmb@rdzf)rppbnting, inadewhiashani aeirago oMty ef t he
addi ti onal, i nt or earlier the.i nvent ion farces
the trail-i ngeé’al e % Jlé | naBJéde Sérrg%gg?gigeggﬁéml&% %3&5‘: AHerF2t dc
within, the inmet cﬁommsmm'ehe stapsbofract or phil OSOphI caI ef f ect
each i mage el ement ighd pheedyi aMafdagaon bh%’ﬁltft 0 %Ft%trﬁﬁ Jrom
aSnP# edes ﬂaé % oug 31 x '

| ati vel oorer - e rol
:rgt al | \pgar%/ Fhatr%{'f%qsrn%# BS SrgéF'PG Bﬁr FPGnt@P ﬁﬁgesarh@ ed@.a and
practical emtt eferﬁm&?l/ﬁy ' middi@yphetDraspeerifahy, 0¥ e drin&ach dd@oe

el ement 18 SUral e fali 40 yLged; to sybel emente, and each of ‘these
8 left and right edges,. and first and second interior por-
9 tions, respectively, of the element;
10 said analyzing step comprising selecting the number
11 of rows to treat as top and bottom edges so as to optimize
12 image quality; and _
13 while scanning the pen in one direction, printing the
14 top and bottom edges above and below the first interior |
15 portion; |
16 while scanning the pen in a second opposite, direc-
17 tlon, -printing the top and bottom edges above and below
i8 the second interior portion. '

This Sheet Has Been_Replacéd
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issprinted in a way that is subject to the intrinsic asym netry of print .
quality, and therefore is subject to print- quality defec the .
supel enents are reassenbled to formthe starting, desired i gﬁaqhemeanWNﬂi'“
such a way that solid portions of the subel ements hide the . ‘ _
have found that further significant inmage enhance- nent can &@‘L‘ ““
preferably also including a step of -- before printing ei t he dge

-- analyzing the inmage elenent to determ ne too which plxel rows are.top =
edge, bottom edge, and vertically niddle segnent of each inmage elenment. In
a related step, these top and bottom gdge roWs, above and below the .

%

previously nmentioned "addi- tional inferiqr'/ portion, afe associated with
t he | eadi ng edge and first-nentt nterji §r portion pjinted in the first
direction, for printing duri ing infhe first difection; and the top

and bottom edge rows, above a
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bel.-ow tthe first-mentioned interior portion, are associated with the |eading
edge and additional interior portion

Supstitute sheet - 27 -August 1996 ' - 11 - printed in the
second direetioen,—for printing during scanning in the second direction.

Inithese preferrgdieases it is further ggeferab+e—%ha% t he anal yzi ng steps
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.a way as to optimze print quality; and also selecting the nunber of pixe
rows to serve as top and bottom edges in such a_ way as to optim ze print
quality. Mre specifical- |y the analyzing step preferably includes

sel ecting the nunmber of pixel colums to serve d@ﬂumuﬂhs edggﬁmun such a

way as to obtain an optinumtradeoff between adve runners and
adverse effects of surface tension. N@tho aﬂmtr1the
first aspect of the invention preferably |ncIu le per or

i mage-el enent analysis for all elenents in the-inmge -- that is to say,

before printing an image, analyzing the entire inmage to determ ne which
pi xel colums are |eading edges of image elenents wthin the image, with
respect to each scanning direction. '
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I n.preferred enbodi ments of a second of its main facet s

r aspects the
net hods= of the invention includes the steps of: whi 1} © laged
pen fromleft to right, printing . the left edge of an " and-
refraining from printing the right edge of that eler i

whil e scanning the pen fromright to left, printing . the right edge of
the same i mage el enment and refrain- ing fromprinting the left edge of
t hat el enent. 51 - .
51 73 3
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I n,prefierred enbodi nents of a third of its main facets the nethod i ncludes
the step of ‘analyzing an i nage el enent to determ ne which pixel rows should
be treated as the top edge, bottom edge, ‘and vertically mddle part,
respectively, of the elenent; and to determ ne which pixel :
Substitute sheet - 27 August 1996 -12- colums
shoul d be treated as the left an Lght edges, and first and second
interior portions, respectivel y,,E_o.}éhe g
A
e N
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el ement". In this third facet the anal yzing step includes selecting the
nunber.of rows to treat as top and bottom edges in such a way as to
optim ze image quality. The nmethod al so incl udes ThlSheatleBedaReplaced - * Whi | e

scanning the pen in one direction, printing the | , t om edges
above and below the first inte- rior portion;; | e scanni ng
the pen in a second, opposite, direc- tion, p i p and

bott om edges above and bel ow t he second interior portion.
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Al'l of -the foregoing operational principles and advantages of the present
i nvention will be nore fully aryvshed HissdedpRce@onsi derati on of the

follow ng detail ed description, 1 - to the appended draw ngs, of
whi ch: BRI EF DESCRI PTI ON OF - Fig. 1 is a very

schematic diagramshowing in is rspective view what is neant

by "l eading edge" and "trailing edge" in an inkjet printing context for pen
novenent fromlgfj to right;
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Fig. 3is a

of a narrow

Fig. 4 is a viewlike

5is alike viewshowing a |ater step of the
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line printed on an inkjet printer;
1 and 2 showing one step of a print-nmode nethod according to the

Fig. 22is a like view for pen novenent fromright to left;

reproduction of a photographic record, greatly enlarged,

verti cal
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present—invention,  Fig
sane; réntannde met hod; .
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Fig..61is an idealized illustration of a relationship between |ine

t hi:tkness and edge quatity--- showing-in particular the effects of
surface—.rmg@gass,;mpﬁgianeg, and runners; Fig. 7 is a diagram of the sane

rel ationslp 11AKC at nore quantified form Fig. 8 is a schematic
represent @ mmfﬂl  fied pixel-wise division of a horizontal line into
outsi de et l l e interior portion in accordance with the present

i nvention;
O
L




Fig. 9 is-alike representation of sinplified divi- sion of a horizontal
line into outside edges and two interior portions, also in accordance with
t he i nventi on; Fig. 10 is a I|ke representatlon of a t wo- di nensi onal

i mage el ement pri nfRRITED PRONP 8 bbe1lireg: ENT EDJEI-

11 is a Ilée representation of sj -IVI sion_ o a ver !ca I ne

into top, Bottom and vertically ¥ ‘ QUALETE —42—s—a—tike
represent aBi on of the use of an overlap dot to prevent I ma ﬁwﬁf ﬁ d lmmi'
interscan gisalignnents; - Fig. 13 is a viewlike Fig.

prelim- narily hOMlthe sinplified horizontal -division neth

i nt egr at ed3wi t hABBE HE 3 vision nethod of

printing agsingle inage el enent;

7 Inkjet-printed images (characters or graphics)\have
. 8 an image-quality asymmetry, correlated with the direction
9 of pen scanning. The invention exploits this asymmétry to
10 improve apparent overall quality by forcing the less-per-
11 fect side of each image element to become, and be hidden
12 in, the element interior. To achieve this effect, part of
13 each element is printed during pen scanning in one direc-
14 tion and part during scanning in an opposite direction.
15 Neither scan prints the trailing edge -- that is, the edge
16 the pen reaches lést, when moving in a given direction.
17 Instead each scan prints only the leading edge -- plus the
18 interior or part of the interior, if the'image is wide
19 enough that its interior forms an analytically separate
20  portion. 1If the image is wider still, it is subdivided so
21 that one discrete interior portion is printed in the same
22 - scan with one of the lateral edges (the leading edge in
23 one scan direction) and an additional discrete interior
24 portion is printed in the same scan with the other lateral
25 edge (the leading edge in the opposite scan direction).

26 The widths of the "leading edge" and also of top and bot-
27 tom edges are defined to optimize print quality by finding

- 28 the best tradeoff between oppositely acting surface-ten-
29 sion effects: when very wide portions are printed all at
30 once, creating a large pool of liquid ink, objectionable
31 "runners" occur (which effect favors.definihg the "edges™"
32 as narrow); but when only very narrow portions are print-
33 ed, edges objectionably reveal the pixel structure con-
34 spicuously (which favors definihg the "edges" as wide).
35 Overlap dots can be included in the portion or. portions
36 printed when scanning in either or both directions, to
37  avoid narrow unprinted gaps in case of misalignment be-
38 tween scans in opposite dlrectlons.

[F%;‘*)
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the invention w t INKTETPRINTNG MOBES 10 OPTIMIZE IMAGE-ELEMENT

EDGES FOR BEST PRINTING QUALITY )
CATION

U. S. utility-patent application serial 08/055,660 of

Gregory D. Raskin, filed on April 30, 1993, and issued as
U. S. Patent on , is rele-

vant to certain aspects of the present invention es will
be explained hereunder, and is hereby incorporated in its
entirety into the present document( European U035 35 1.0).

FE‘PLACEMENT SHEE"S' SG

CREROUN E?’ ’azi’f(s) paged - 10 paged 2.

1. FIELD OF THE INVENTION

This invention relates generally to inkjet printing
systems in which an image (charactefs or graphics, or
both) is constructed on a printing medium as an array of
many individualiy computer-controlled inkdrops; and more
particularly to a method for printing such an array which
mininmizes undesired artifacts that arise in the inkjet
printing process.

" This Sheet Has Been Replaced
f J0a! ik

An inkjet image can be created through any one of
myriad different inkjet nozzle firing patterns, implement-
ed by specific program steps of a microproceSSOr. Such
program steps are usually provided in the form_of firmware
for a general-purpose programmable microprocessor, but
fixed arrays of electronic logic elements can be used
instead. '

Any such firing pattern is called a "print mode".
Print-mode variations encompass special uses of a pen or
different portions of a pen in coordination with choice of
prlntlng-medlum advance distance or frequency, special
suppre551ons of flrlng for specifiad nozzles, and spec1al

Ak
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Sobstitute sheet - 27 August 1996 : -14- -DETAI LED
DESCRI PTI ON OF THE PREFERRED EMBODI MENTS 1. TRAILI NG AND LEADI NG EDGES

Gotormned by the soan diTection of the pript SbsHReagieet 2Adikyd e
designates the first edge of the vertical2tine printed, and "trailing edge"
refers to thmdfsds eslfendii1d &iming (4& 9 £dr SERURPL Y, L B6LENG USEEIRING
subvi ews tr“ié”é{¥ferent directions). i

Many different print modes are used to accomplish
many different purposes. Such objectives inc¢lude, for
instance, high speed, or more accurate hue for specific
printing media, or subtle reduction of the total amount of
liguid ink present on a piece of print medium at one time,
or (as in the Raskin patent document mentioned above)
better alignment of forward and return scans in bidirec-
tional printing, or masking of subtle printing defects -=-
such as arise, for example, from cyclical variations or
.other imperfections in print-medium advance distance,
or from isolated nonfiring nozzles, or from internozzle
variations in ink volume.

It is believed that heretofore all print modes known
in the art have been devised on the implicit assumption
that inkdrops, and (with respect to print quality) assem-
blages of inkdrops, are symmetrical. Thus it has been ta-
ken for granted that a drop deposited on a printing medium
by a pen while scanning in one direction (for instance,
from left to right) looks the same as a drop deposited by
the same pen while scanning in the opposite direction
(such as from right to left).

Accordingly it has been implicitly assumed that ink-
drop arrays deposited during scanning in different direc-
tions look the same -- or, to put it in still another way,

-that image quality at both sides of a drop, or both sides
of an assemblage of drops, is the same. If this were
true, both sides of every image element would be equally
good, or equally bad, so (given mutual alignment of image
portions deposited during opposite-direction scans) it
wouldn’t matter which way the pen moved while printing
different parts of each image element.

_ It has been pointed out, however, that these .implicit
assumptions are false, or in other words that inkdrops or
at least assemblages of them do indeed have good sides and
bad sides. Careful inspection and study of inkjet-printed
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ing'of a vertical line 1, 2 two pixels wde onto a sheet 52 of paper or
ot her printing nmedium when the pen 51 is scanning 53, 55 fromleft to

right, and identifies the associated |eading and ﬁ%#in e In
the first (left-hand) subview, during its ri SHEaBH%e (?gﬁ% f%’&u&gq% he
pen 51 ejects a first colum of inkdropsS 54 In the second (center)

subvi ew t hose drops are seen to have-fornmed on the print- nediunlsheet 52 a
colum 1 of pixels -- this wil] be the so-called "|eading edg of the
finished |ind"agRs (FRVS3 HhiabiiRagar ALl hy ( HeYMRREXY coFOFRE atedreiths
been drawn, the tduﬁe@emmobﬁw ey¢finfng. 1, a narrow rightward

rotuberance or t ensi on Thi s tall | ke extension 3 synbolizes the
Eo called ' secon ﬁ% iﬁ%ﬂl?ﬁﬁﬂiéﬁ§F+%ﬁ %ﬁﬂgﬁn? epenfyj 18 SLRANRE sone

detai | shortdry.the\ snde wmé@ymmvéb%@ &1thabi &Eefi@nti NUi Ng

to move 55 L£h§$mi§afg 5“réﬁg'§§he toward which the pen moves from the
same element. This difference appears to be due to a
tendency of minute amounts of extremely fine spray, asso-
ciated with firing of the pen, to overshoot the target
position very slightly.

- Sometimes workers in this field refer to such spray
as the "tail" of the inkdrop or as a "secondary dot". In
any event it presents the appearance of a slight blurring,
irregularity or dirtiness of the associated trailing part
of what has been printed.

Evidently this spray, tail or secondary dot results

~ at least in part from lower average speed of fine parti-
cles in the direction normal to the printing medium, and
therefore longer transit time between the nozzle and the
medium. Such lower average speed may result from the
processes that generate the spray, or possibly the effec-
tively greater air damping for small particles, or both.

(Even though damping force decreases with area, the
effect of such drag is greater for small particles because
mass and therefore momentum decrease with volume. Another
possible contributor to offsetting of the spray is down-
wind drift of fine particles in the wake of the pen car-
riage. It will be understood that the utility of the
present invention, to be described shortly, does not rest
on the accuracy of any of these speculations.)

After conventional bidirectional printing, the blur-
ring effect is present at both sides of each image ele-
ment, and so the original asymmetry of print quality for
each element is concealed. After conventional unidirec-
tional printing, the blur is present at only one side.

Earlier thinking addressed to mitigating this print-
quality defect may have concentrated on cocking or angling
each nozzle to somehow align the tail or secondary dot




s seen to be ejecting a second colum of drops 56. In the third
(right-hand) subview the pen 51 has conpleted its scan, and the second

columm of drops is seen to have fornmed on the sheet 5 not,bex col u of
pixels -- the so-called "trailing edge" of"t sftltH%"sﬁéﬁe Thg.'&?—'@r'%t ?ﬁg% |
| eading edge 1 is the left side of the-#i-ne and the trailing edge 2 is the

ri ght side. | In thjs view the protrusions fromthe first colum,1 of
dots, howewerth Fhe rf??’r’brfﬁ'érp’?/’rr%?‘ﬁfe@‘”{' heyIMa3RY bR¥AN BN eGOMReEfitdtor e
. massi ve i nko¥iaposdd EHid eSOk cot LM@adt Fach of iherdmasnd.in the

second col umm, howev-

Still other known print-quality defects have not been

satisfactorily addressed in configuring print modes. 1In
- particular it is known that, when very wide continuous
image areas are printed all at once; creating a larée pool
of liquid ink, undesired so-called "wicking" and "runners"
occur; these are visible small streams of ink, represent-
ing paths of ink movement'by capiilarity through fibers of
the printing medium and away from the area where the ink
has been deposited. '

Heretofore print modes have addressed overinking
problems either by (1) subtlely suppressing the total
amount of ink on a printed image, or (2) allowing more
drying time by dividing each image.segment into checker-
board-like subgroupings for printing in successive pen
scans, the division being arbitrary -- that is, without
regard for the particular pattern or characteristics of
image elements being printed. Both these techniques are
ingenious, and they do ameliorate other overinking prob-
lems (such as offsetting, and adhesion of adjacent sheets)
on which the present discussion does not focus, as well as
misalignment between adjacent pen swaths; yet these tech-
nigques do have drawbacks.

Suppressing the total amount of ink has some at least
slight adverse effects on hue accuracy and color satura-
tion. More importantly -- since such ink reduction is
willy-nilly, i. e. nbt correlated, with respect to image
characteristics -- overall ink suppression may unduly
starve some image areas that actually are not subject to
wicking.

Dividing image segments for printing in three or more
successive scans has the disadvantage of increasing the
required printing time. It may do so needlessly in image
areas free of wicking and runners.

As noted above, wicking is most serious for broad ex-
panses of continuous inking. On the other hand, when only
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Substitute sheet - 27 August 1996 ' | -15 - er,
has been drawn with a rightward tail-like protrusion 3 simlar to those of

the first colum. Thus no matter how ixel colu at ed
in this fashion the rightnmost colum is acco |tg§e B@e?} gg?ﬁ;dg%%g%@g
secondary dots that are visible. A noreSaccu- .rate, photographic
representation of this disturbance appearssin Fig. 3, which denonstrates a

typi cal difference between the |leading- and trailing-edge quality of a

print- ed line. As seen in Fig. 3, the leading edge 1 nore closely
very narrow portions are prlnted .edges objectionably

reveal the pixel structure conspicuocusly as a distinct
scalloped or serrated pattern, because surface 'tension is
inadequate to pull the ink pool into a more-nearly
straight border.

Earlier priht modes have not effectively addressed
this problem. As will be apparent it tends -- whenéver
present -- to be exacerbated by the overall ink-suppres-

. sion or multiscan image divisions discussed above.

Another known print-quality impairment relevant to
the present invention, and to other bidirectional printing
systems, is misalignment between scans in opposite direc-
tions. This problem is manifested as a narrow line of
unprinted or background color (for example white) where
.adjacent pixel blocks, printed in opposite-direction
scans, fail to merge visually intoc a single apparent image
element. _

The aforementioned Raskin patent document offers one
valuable solution to such problems; though it depends for
its full effectiveness upon good consistency of motor
speeds in the reverse or retrace direction. That solution
can evidently avoid narrow unprinted gaps where blocks of
pixels laid down in opposite directions fail to be spaced

- properly at the regular pixel periodicity. _

It may not, however, cure a gap in which failure to
visually merge results from inadequate wicking between the
two blocks, due to one being. already dry. A simpler solu-
tion to interscan misalignments, and one which may help to
avoid this particular problem, could be useful.

Heretofore these considerations have not been taken
into account in devising print modes for best print quali-
ty. Thus important aspects of the technology used in the
field of the invention are amenable to useful refinement.

*‘*f—~————~_______
This Sheet Has Been

(I 1 Ill!




approximates a straight line. The sharpness of the trail- ing edge 2 is
irregular 3 due both to edge roughness and to increased anount of spray;
the overall result is that the print quality of the |eading_edge 1 is
superior to that of the trailing edge 2. ~ Substtute shpgis 27hAngHshd 996
anal ogous to those of Fig. -1, for printigng of a like line 1', 2' when the

pen 51 is npyj 3o r Qpo.r Q ft. The first subview (in this case the
ri ght - hand ) 51 noving 63 leftward and ejecting a
first colum 64 of drops. These drops in the second (central) subview

eading edge- | Beph o She, SEeRRiTh Sortriditioiidt e el ed col um
3' of secondavengacs resildesi ant khe racegmidilosf tthartd feiowe Hhecol umm 1 of
primary dot$mpaibek BBARAMLLEBHBEIa28p Byhindtrl described above are
in fact false, an additional degree of freedom is avail-
able for optimization of print quality. In fact print.
quality is subject to refinement and enhancement through
print modes based on correcting that assumption; the
present invention introduces such refinement.
Before offering a relatively rigorous discussion of
the present invention, some informal orientation will be
provided here. It is to be understood that these first
comments are not intended as a statement of the invention.
. They are simply in the nature of insights that will. be
helpful in comprehending the principles upon which the
invention is based.

The invention exploits. the above-described asymmetry
to improve apparent overall quality by forcing the less-
perfect side of each image element to become, and to be
hidden within, the interior of that image element. To _
achieve this effect, certain strategically selected parts
of each element are printed during scanning of the pen in
one direction and certain other parts during scanning in
an opposite direction.

Neither scan prints the trailing edge -- that is, the
edge the pen reaches last, when moving in a particular
direction. Printing the trailing edge, as in conventional
print modes, would allow the above-mentioned fine spray to
be projected beyond that edge inté what should be a back-
ground (for example, white) area free of the color being
printed -- thereby generating a very slightly dirty or
blurry edge.

Instead each scan prints ohly the leading edge --
plus the interior or part of the interior, if the image is
wide enough that its interior forms an analytically sepa-
rate portion. If the image is wider still, it is subdi-
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The second subvi ew al so shows a second col unmm 66 of drops being ejected
whil e the pen 51 continues its left- ward scan 65. The third subview in

Fig. 2 shows the resulting two-pixel-w de kine Qn th shg 2 af § e
pen 51 has conpleted its scan -- nanely, th§uP§HH-Itﬁg§@8§eeél7 %‘W"{s&ue Qﬁ Yht
and trailing edge 2' on the left. -Thce again the first colum of
T this T h Naosth ol e SRR iR T P e oy
still |eftwaidhf tive tleaddsgoeidgesd qespaotivyedel colum 2': Figs. 1 and 2
demonstrate thatimys one discrete interior portion is printed in the
same scan with one of the lateral edges (the leading edge
in one scan direction). An additional discrete interior
portion is printed in the same scan with the other of
the lateral edges (the leading edge in the opposite scan
direction).

In any event, during scanning in a first direction
much of the previously mentioned fine spray that arises
from printing of the leading edge and interior portion is
deposited within the area that should be the trailing edge
-- and this area is filled in solidly at the beginning of
the scan in a second or opposite direction, for which the -
area under discussion is a leading edge. Complementarily
the fine spray from that scan is deposited within the area
that is filled in solidly at the beginning of the first-
direction scan. _

In short a large fraction of the fine spray is hidden
within a solid field of ink of the same color. Such spray
from the first-occurring scan is buried in a later solid
edge formed in the second-occurring scan; and such spray
from the second-occurring scan is imperceptible because it
overprints the solid edge formed in the first.

This discussion suggests that the width of a "leading
edge" preferably is great enough to encompass all or most
of the overshoot or drift distance of the spray. Attempt-
ing to thus capture all the spray, however, may be coun-
terproductive in forcing use of leading-edge width to be
larger than desirable with respect to other criteria.

In particular, the width of a "leading edge" is best
defined to optimize print quality by concealing most of
the fine spray and also finding the best tradeoff between

two oppositely acting surface-tension effects mentioned
earlier:

+ Objectionable wicking or runners appear when very
wide portions are printed all at once, crea?ing a

A
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Substi t ut e ShEel peenRépiUPUSt 1996 - 16- the
| eadi ng “i be jat either the right or | eft side of the
printed v \ﬁ“ﬂ“‘ﬁmdep ndi ng on the direction 53/55, 63/65
respectiv he pen 51 noves: Sudstitute sheeti-r22fuigusitty996
synbolized in these drawi ngs by the -gail-like secondary dots 3, 3

al ways appears at the trailing edge 2, 2' . of any unidirectionally
print ed i nkjEaryemegeel of liquid ink. This effect tends to favor

defining the "edgées" as narrow.

. Objectiohable scalloped or serrated patterns appear *
when only very narrow portions are printed. This
effect favors defining the "edges" as wide.

Overlap dots can be included in the portion printed
'in either or both directions. Such dots avoid narrow
unprinted gaps in case of misalignment between scans

in opposite directions -- and also in case of inadequate
wicking to help merge adjacent blocks printed in different
scans.

Now with these preliminary observations in mind this
discussion will proceed to a perhaps more-formal summary.
The present invention has at ieast three main facets or
aspects, which are amenable to practice independently of
each other ~- although for best enjoyment of the benefits
of the invention they are preferably used together.

In preferred embodiments of all of these three major -
aspects, the present invention is a method of printing _
images as an array of many pixels, using a bidirectionally

 scanning inkjet pen.

In a first of the three main aspects or facets, the -
method includes the step of -~ while scanning the pen in a
first direction -- printing the leading edge of an image
element and refraining from printing the trailing edge of
that element.

The phrase "the leading edge" means the leading edge
with respect to that first direction. More specifically
yet, the leading edge "with respect to" a given scan
direction is the edge which the moving pen reaches first
when traveling in that direction (here, the stated "first
‘direction").

The method also includes the step of -~ while scan-
ning the pen in a second direction opposite to the first
direction -- printing the 1éading edge of the same image
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|t can be[ @ﬂ&@g@&k&d&@h@ﬁ1 ‘hi's presentatlon that like irregularities 3, 3

appear of any inkjet image printed bidirectionally
i f such anm m‘\ ed usi ng a conventional print node kno
her et of ore. be understood that IYksIHuts §hﬁ$\'fgszar/éuﬁﬁ$§/1 996

exanpl es. Anal ogous |dent|f|cat|ons of .peading and trail- ing edges can be
established for systens in which pen scanning occurs al ong axes other than
t he hori zorflgment wingt Fefredningalfrom @ighiow dthertrailing adge Lt

Si nce | eadighg redgemchtar © HeMemitdle 1 ddidld &ﬂ;@d%éax?s thel fodlemid abl e
that all vertlcal edges printed be |ea |ng This can be acconpli shed by

usi ng a bi @AgecMiish rﬁsﬂﬁqtnt S [ iRRE Y Yhich 15 e say

Eg/o pi xel - wnde ddgee which the e RIACHEY | FiGasHOESn ABrdveMingfin tnd i ght
i g.

second direction.

The foregoing may be a description or definition of
the first major facet of the present invention in ifs
broadest or most general terms. Even in such'general or
broad forms, however, as can now be seen the first facet
of the invention refines and enhances the art of inkjet
printing.

In particular this new print mode tends to signifi-
.cantly enhance the image quality by concealing fine spray
within the interior of each image element.

Although the invention thus provides very significant
advances relative to the prior art, nevertheless for
greatest enjoyment of the benefits of the invention it is
preferably practiced in conjunction with certain other
features or characteristics which enhance its benefits.
For example, it is preferred that the method further
include the step of -~ while scanning the pen in the first
direction -- also printing at least one interior portion
of the same image element.

When the interior of an image element is large enough
to be subdivided, preferably the interior portion is
separated from the leading edge printed while scanning the
pen in the first direction, and is substantially adjacent
to the leading edge printed while scanning the pen in the
second direction. This separation has the beneficial
effect of avoiding the printing of overwide edges, and
thereby avoiding generation of runners, mentioned earlier.
In addition the method further includes the step of, while
scanning the pen in the second direction, also printing at
least one additional interior portion of the same image
element. This additional interior portion is separated
(fof the same reason as just stated with respect to the
first direction) from the leading edge printed while
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-4), the pen 5T ¢€jects inkdrops 74 to create a first columm 1 of dots

(pi xel s); which will|constitute a | eading edge of the finished line. In
Fig. 4 as in Figs. 1 and 2, the roughness on _the trailing side of this

pi xel column 1 has been incorporated into t h8ubstitide shepbn 275046t 1885y a
ri ghtward extension or elongation 3, cet®@esponding to the irregularities 3
of Fig. 3. The direction of pen-carriage scanning s, then re- versed
(Fig. 5). WRanink the R 1y \RecPnd .%}%%‘?El%“se%ﬁdl%o? tanr of

drops to naji&alaseadjdbartt W the dfedlbing cddddepsiwesd Sthile scamibndot h

edges 1, 1'_of the resulting vertical line are |eading edges. The second
colum 1 &hed(ﬁegl %mr:elq:st diE& il

In such cases it is preferable too that the method
include the step of -- before printing either ieading edge
-- analyzing the image element. Such analysis is used to
determine which pixel columns are leading edges with
respect to each scanning direction, which pixel columns
are the first-mentioned interior portion, and which pixel
columns are the additional interior portion.

As suggested earlier the invention forces the trail-

ing edge of each image element to become, and to be hidden
within, the interior of that element. In abstract or
philosophical effect each image element is folded inward
upon itself to protect the viewer from relatively poorer-
qualify edges, like the rolled rough edges of a sheet-
metal part that are hidden by a solid portion of the same
'part. As a practical matter, however, it may be more
meaningful to say that each image element is strategically
subdivided into subelements, and each of these subelements
is printed in a way that is subject to the intrinsic asym-
metry of print quality, and therefore is subject to print-
qualiﬁy defects -- but the subelements are reassembled to
form the starting, desired image element in such a way
that solid portions of the subelements hide the defects.

I have found that further significant image enhance-
ment can be achieved by preferably also including a step
of -~ before printing either leading edge -- analyzing the
image element to determine too which pixel rows are top
edge; bottom edge, and vertically middle segment of each
image element. In a related step, these top and bottom
edge rows, above and below the previously mentioned "addi-
tional interior" portion, are associated with the leading
edge and first-mentioned interior portion printed in the
first direction, for printing during scanning in the first
direction; and the top and bottom edge rows, above and
below the first-mentioned interior portion, are associated
with the leading edge and additional interior portion
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Substitute—sheet——-27JAugust 1996 -17- now
buri es the secondary dots 3 associated with the first colum 1 of dots --
and the secondary dotg 3' created in the process.oi_generating t he second
~colum 1' overprints the first colum 1 of “| PRBstHiteshget s 27 August 1996
result of this strategic superpositionslheither colum of secondary dots
can be seen. This advantageous result w.1| obtain regardl ess ,of the nunber
of adj abent PESPNTRAs 18y 569 SREAN L PETREES OB F Fh&T ng d4%3"dot col - umns
al ong each sdgendne [in nhedsetbnd Wiecepeioctcans into the aggregati on of

col ums fron]theI%dk%%gg:ﬂf %EQ%%chées it is further preferable
that the analyzing steps further include selecting the
number of pixel columns to serve as leading edges in such
a way as to optimize print quality; and also selectiné the
number_of pixel rows to serve as top and bottom edgés in
such a way as to optimize print quality. More specifical-
ly the analyzing step preferably includes selecting the
number of pixel columns to serve as leading'édées in such
a way as to obtain an optimum tradeoff between adverse
effects of runners and adverse effects of surface tension.
Methods in accordance with the first aspect of the
invention preferably include performing the image-element
analysis for all elements in the image -- that is to say,
. before printing an image, analyzing the entire image to
determine which pikel columns are leading edges of image

elements within the image, with respect to each scanning
direction.

In preferred embodiments of a second of its main

facets or aspects the method of the invention includes
the steps of:

- while scanning the pen from left to right, printing
the left edge of an image element and refraining from
printing the right edge of that element; and

» while scanning the pen from right to left, printing
the right edge of the same image element and refrain-
ing from printing the left edge of that element.

In preferred embodiments of a third of its main
facets. the method includes the step of analyzing an image
element to determine which pixel rows should be treated as
the top edge, bottom edge, and vertically middle part;
respectively, of the element; and to determine which pixel
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background area.— - (l|n sone extreme cases the irregUIarity or secondary-
dot' phenonenon nay: .extend over nore than one pixel width. For such cases,

for vertical 'liines nore than three colums wide, it is desirable that the
dots printed as the "l ead- ing edge" consistSubstituse sheet - &7 Aweyst 1096
t han just one.) 2. LI NE W DTH -12JThe quality of a vertical-line
edge depends on the |ine_thickness, or wwdth -- the nunber of dot/pi xel

col - unns tFRtURBReShpuidebe| REeatadagekhpcArtti ABd1Tightgedges, and
first and second interior portions, respectively, of the
element.

In this third facet the analyzing step includes
selecting the number of rows to treat as top and bottom
edges in such a way as to optimize image quality. The
method also includes the steps of:

+ while scanning the pen in one direction, printing the
top and bottom edges above and below the first inte-
rior portion; and

- while scanning the pen in a second, opposite, direc-
tion, printing the top and bottom edges above and
below the second interior portion. |

All of the foregoing operational principles and
advantages of the present invention will be more fully
appreciated upon consideration of the following detailed

. description, with reference to the appended drawings, of
which:

EF DESCRIPTION OF THE WINGS

Fig. 1 is a very schematic-diagram showing in isomet-
ric or perspective view what is meant by "leading edge"
and: "trailing edge" in an inkjet printing context for pen -
movement from left to right; _

Fig. 2 is a like view for pen movement from right to
left; '

Fig. 3 is a reproduction of a photographic record,
greatly enlarged, of a narrow vertical line printed on an
inkjet printer:

Fig. 4 is a view like Figs. 1 and 2 showing one step
of a print-mode method according to the present invention;
Fig. 5 is a like view showing a later step of the

same print—mode method;
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6y only one dot wide, there is often not enough ink for the surface tension
to smooth out the vertical edges; thereforg thesedexhlbLt a marked As
scalTopi-ng effect 4, ajseries of pronounced | nward- poi nting cusps.

nor e |P1k |gs laid down {- for instance in a tSubstifuteisheos de7 Augusu1996t he
vertical edges 5 become sone- what snoother but perhaps not entirely
straight. As the width'of the Iine continues to grow, perhaps to a three-
colum line 15, the vertical edges may be much nore nearly straight, but
anot her effect becones noticeabl e: The anount of ink laid down beglns

to be excessive szgld 8 hies exdt r?déﬂléé&riflﬁ& Fo?Yof£ 2P #éi‘étié!nsm

"w ck" -- into the er fjbers, causi Vi Si e runners ext en
"f eat her " dﬁ?ﬁﬁ?ﬂ’f t RIRRSS %éa%wﬁuallty -= showing in

particular the effects of surface-tension smoothlng and
runners; |

Fig. 7 is a diagram of the same relationship in a
somewhat more quantified form;

Fig. 8 is a schematic representation of simplified

- pixel-wise division of a horizontal line into outside
edges and a single interior portion in accordance with
the present invention;

Fig. 9 is a like representation of simplified divi-
sion of a horizontal line into outside edges and two
interior portions, also in accordance with the invention;

Fig. 10 is a like representation of a two-dimensional
image element printed in two passes, using the Fig. 9
division;

Fig. 11 is a like representation of simplified divi-
sion of a vertical line into top, bottom and vertlcally
middle portions;

Fig. 12 is a like representation of the use of an-
overlap dot to prevent image defects due to interscan
misalignments;

Fig. 13 is a view like Fig. 10 but showing prelimi-
narily how the simplified horizontal-division method of
Fig. 9 is integrated with the simplified vertical-division
method of Fig. 11, in printing a single image element;

Fig. 14 is a related view showing an algorithm for
operatlng on the Fig. 13 blocks:;

Fig. 15 is a three-step progressive view like Fig. 10
but showing how the integrated but preliminary scheme of
Figs. 13 and 14 is carried on to complete implementation;
and

Fig. 16 is a photographic reproduction of four great-
ly enlarged photographic records of a word'printed on an
inkjet printer, contrasting performance of the print mode
of the invention with three conventlonal print mode
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Substiture sheet - 27, August 1996 -18- of both
edge snoot hness .and feathering 7 depends strongly on the ink formulation
and type of printing nediumin use; however,_ as a general tter whj t he
nunber of colums solidly printed continues SUpstify " ?Mﬂﬂtl#éég at
16 in Fig. 6) eventually the edges 8 bdadene quite straight but the nunber
and length of runners 9 worsen severely. To integrate these .
observat i oRs nds observed with increase of the nunber of
pi xel col uUDEs_THE EMBODIMENES and (2) feathering 7, 9. Fig. 7

1. TRAILING AND LEADING EDGES

As used in this document, the terms';gading edge and
trailing edge are determined by the scan direction of the
printer carriage. "Leading edge" designates the first
edge of the vertical line printed, .and "trailing edge"
refers to the last edge printed.

Fig. 1 shows in three successive subviews the print-
ing of a vertical line 1, 2 two pixels wide onto a sheet
52 of paper or other printing medium, when the pen 51 is
scanning 53, 55 from left to right, and identifies the

" associated leading edge 1 and trailing edge 2. 1In the
first (left-hand) subview, during its rightward scanning
motion 53 the pen 51 ejects a first column of inkdrops 54.

In the second (center) subview those drops are seen
to have formed on the print-medium sheet 52 a column 1 of
pixels -- this will be the so-called "leading edge" of the
finished line. To the right of each dot in the first
column 1 there has been drawn, in this second subview of
Fig. 1, a narrow rightward protuberance or extension 3.

This tail-like extension 3 symbolizes the so-called
"secondary dot" mentioned earlier, and will be discussed
in some detail shortly. Also in this second subview, the
pen 51, while continuing to move 55 in the same direction,
is seen to be ejecting a second column of drops 56.

In the third (right-hand) subview the pen 51 has
completed its scan, and the second column of drops is seen
to have formed on the sheet 52 another column 2 of pixels

-- the so-called "trailing edge" of the finished line.
Here the leading edge 1 is the left side of the line and
the trailing edge 2 is the right side.

' In this view the protrusions from the first column 1
of dots, however, are no longer visible: they have been
buried in the more massive ink deposit of the second
column 2. Each of the dots 2 in the second column, howev-
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sﬁoms*ho"fﬁé’?ﬁﬁ’??éﬁhs can be optimzed in a quasi quantitative sense.

In Fig. 7 the PQ ( d prlpt quaIiLy") sca:e from "good” ftg ;ﬁad" quantaB;?iogn
a common, standardized|basis the visual perc iQn o 0 ners

and surface- t ensi on gnnothlng 108, using as%g'L Hiyte fheet - tiii t 1996
devi ation per unit length of line. The-&beal dEVIatLOH is the printed area
t hat extends beyond a snoot hed, average- position edge (in this case
rectilinear). Thus an ideal or "good" edge has PQ= 0 (as it too, for this
case, is re€ril hasabpen dreemMP@idimeaonr igidregat ealills-lgdes ghotangiion 3

m ni mum mhggﬁlugranp ldBAMPRO i %y@gg) odifpar ticul ar conbination of

printing medi um and ormul at1on Wth respect to horizonta
lines, a furtherTBP§tPﬁbm4ﬁ§9¥|h9“ﬂﬂ§nﬂ Phﬂﬂi(ﬂQiumnﬁldrﬁ|&gqn§q&nﬂdthe

boundary 10inl@hisFirashBlor@tthd HiQhitHost0 f1unfif §r53c6ﬁ53ﬁ¥gﬁ"£y a

column of secondary dots that are visible. A more accu-
rate, photographic representation of this disturbance
appears in Fig. 3, which demonstrates a typical difference

between the leading- and trailing-edge quality of a print-
ed line.

As seen in Fig. 3, the leading edge 1 more closely
approximates a straight line. The sharpness of the trail-
ing edge 2 is irregular'3 due both to edge roughness and
to increased amount of spray; the overall result is that
the print quality of the leading edge 1 is superior to
that of the trailing edge 2.

Fig. 2 shows phenomena analogous to those of Fig. 1,
for printing of a like line 1’, 2’/ when the pen 51 ‘is
moving 63 from right to left. The first subview (in this
case the right-hand subview) portrays the pen 51 moving 63
leftward and ejecting a first column 64 of drops.

These drops in the second (central) subview are seen
to have formed on the sheet 52 a first column 1’ of pixels
-- the "leading edge" in this leftward scan -- together
with an associated column 3’ of secondary dots, which in
this case are leftward from the column 1’ of primary dots
rather than rightward as in Fig. 1.

The second subview also shows a second column 66 of
drops being ejected while the pen 51 continues its left-
ward scan 65. The third subview in Fig. 2 shows the
resulting two-pixel-wide line on the sheet 52 after the
pen 51 has completed its scan -- namely, the leading edge
1’ on the right and trailing edge 2’ on the left,

'~ Once again the first column of secondary dots has
been buried in the second column 2’ of primary dots, but
in this third subview a new array of secondary dots 3’ has
been created -- still leftward from the associated primary
pixel column 2/. Figs. 1 and 2 demonstrate that:
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ary of a horizontal line is, or boundaries are, the first and | ast dot
segnents 10, 10' that conpose the I|ine. For optimal results either or
each boundary may consist of two or nore dots.,K For instance two dots are
shown as making up only the |eft-hand port+o%“BF“?ﬁ%5$@GﬁdéF§AM9”§ﬁ19ﬁ@
first subview of Fig. 8, but both left-1é&nd right-hand portions of the
boundary 10" in the third subview . One can divide the horizontal |ine
even further intBha }egHingi edgeokpohéncannbeaakepitbete tbgerighitsoresul ts

in four sectionsjfFtdsiQd E?rtﬁéCBrEH{:béo(}Te%luEh’iellh%ft den@in dg5 11,
ri ght edge 12, Ieft i_nterior portion ri interiar port| 2
the direction 53/55, 63/65 respectlvely in which the

pen 51 moves; and

- an irreqularity, symbolized in these drawings by the
tail-like secondary dots 3, 3/, always appears at the

trailing edge 2, 2’ of any unidirectionally printed
inkjet image.

It can be appreciated from this presentation that like
irregularities 3, 3’/ appear as well at both edges of any
inkjet image printed bidirectionally, if such an image is
printed using a conventional print mode known heretofore.

It will be understood that these drawings are only
examples. Analogous identifications of leading and trail-
ing edges can be established for systems in which pen
scanning occurs along axes other than the horizontal --
whether vertical or oriented at arbitrary angles.

Since leading edges 1 are superior to trailing edges
2, it is desirable that all vertical edges printed be
leading. This can be accomplished by using a bidirection-

- al print mode as described below for a like two-plxel-WLde
line.

As the pen carriage moves 73 from left to right (Fig.
4), the pen 51 ejects inkdrops 74 to create a first column
1 of dots (pixels), which will constitute a leading edge
of the finished line. In Fig. 4 as in Figs. 1 and 2, the
roughness on the trailing side of this pixel column 1 has
been incorporated into the illustration, symbolized by a
rightward extension or elongation 3, corresponding to the
irregularities 3 of Fig. 3.

The direction of pen-carriage scanning is then re-
versed (Fig. 5). While the pen scans leftward it ejects a
second column 84 of drops to make a second column 1’ of
dots on the sheet 52. -

Thus both edges 1, 1’ of the resulting vertical line
are leading edges. The.second column 1’ of dots, however,
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| NTEGRATI ON OF LEADI NG EDGE, OPTI MUM W DTH AND ELEMENT- SUBDI VI SI ON
CONCEPTS Integration of the above concepts results in an optim zed
print node. The three concepts to be integrabelstitute sheet - 27 August 1996
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now buries the secondary dots 3 associated with the first
column 1 of dots -- and the secondary dots 3’ created in
the process of generating the second column 1’ overprints
the first column 1 of like-color dots. .

As a result of this strategic superposition, pneither
column of secondary dots can be seen. This advantageous
result will obtain regardless of the number of adjacent
columns aggregated, provided only that one or two dot col-
umns along each edge are printed while the pen scans into
the aggregation of columns from the adjacent unprinted or
background area.

(In some extreme cases the irregularity or secondary-
‘dot phenomenon may extend over more than one pixel width.
For such cases, for vertical lines more than three columns
wide, it is desirable that the dots printed as the "lead-

ing edge" consist of two pixel columns rather than just
one.)

2. LINE WIDTH

The quality of a vertical-line edge depends on the
line thickness, or width -- the number of dot/pixel col-
unns that make up the line. 1In a vertical line 13 (Fig.
6) only one dot wide, there is often not enough ink for
the surface tension to smooth out the vertical edges:
therefore these exhibit a marked scalloping effect 4,

' a series of pronounced inward-pointing cusps.

As more ink is laid down -- for instance in a two-
column-wide line 14 -- the vertical edges 5 become some-
what smoother but perhaps not entirely straight. As the
width of the line continues to grow, perhaps to a three—
column line 15, the vertical edges may be much more nearly
straight, but another effect becomes noticeable:

The amount of ink laid down begins to be excessive,
and the extra ink starts to move by capillarity —-- or
"wick" -- into the paper fibers, causing visible runners 7
to extend or "feather" outward from the edges. The extent
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* ~t wo--pass, bidirectional, |eading-edge-only printing; - * optinmal line
wi dt h; and * the four horizontal -1ine subdivisions. To print an

i mage el enent (a representation of an object, an al phanuneric character,
etc.) in a two-pass node re- quires dividi ngSubetititémsieet i- 2D Augyshdi9P6
conponents, one to be printed on each pags, such that when the two conpo-
nents are together on the printing nediumthe original imge el ement
appears. A Plir besh edgecsinoothmesshiandyfisathering ¥ dedendshestymrail e,

both the rigat +88din&f ltormulation and type of printing medium in use;
however, as a general matter while the number of columns
solidly printed continues to increase (as exemplified at
16 in Fig. 6) eventually the edges 8 become quite straight
but the number and length of runners 9 worsen severely.

'~ To integrate these observations, the important "trends
observed with increase of the number of pixel columns are
(1) edge smoothing 8 and (2) feathering 7, 9. Fig. 7
shows how the two trends can be optimized in a quasi
quantitative sense.

In Fig. 7 the PQ ("print quality") scale from "good™"
to "bad" quantifies on a common, standardized basis the
visual perception of both runners 107/109 and surface-.
tension smoothing 108, using as a PQ measure the areal
deviation per unit length of line. The areal deviation is

. the printed area that extends beyond a smoothed, average-
position edge (in this case rectilinear). Thus an ideal
or "good" edge has PQ = 0 (as it too, for this case, is
rectilinear). The PQ sum or aggregate 110 goes through a
minimum, which is an optimum point 110 for the particular
combination of printing medium and ink formulation in use.

With respect to horizontal lines, a further distinc-
tion is useful: the distinction is between the boundary
10, 10’ (Fig. 8) and interior 20 of the line. . The bound-
ary of a horizontal line is, or boundaries are, the first .
and last dot segments 10, 10’ that compose the line.

For optimal results either or each boundary may
consist of two or more dots. For instance two dots are
shown as making up only the left—hand portion of the
boundary 10 in the first subview of Fig. 8, but both left-

. and right-hand portions of the boundary 10’ in the third
subview.

One can divide the horizontal line even further-intq
a right-side component and a left-side one. This results
in four sections (Fig. 9) for each horizontal line: left
end or edge 11, right edge 12, left interior portion 21
and right interior portion 22.
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boundary thicknesses are optim zed. To construct of the two main
conponents, the interior of the image elenent is divided into two portions
and each portion paired with its opposite boundary. For exanple a |eft
inside portion 21 (Fig. 10) is part of the"s8Hbstidta shespordhugust 1996 i s
printed in the same pass 31 with -- thel9kght boundary or edge 12; and the
ri ght insidg por | i SqPa h ne | o] nt as, and
printed in ?he Sg%%t@ﬁ%%%%% %ft%#A?%§&|gPéﬁéngBE@?ﬁlﬂEﬁﬁg. 10 all of the
stippl ed dots 31ANHKELEHENHESHQB§VI§I0§rCﬁN@BPEﬁ one pass (for instance a
first pass), and all of the "X'-filled dots 32 make up the material printed
I n anot her pass %for I ns{ance _a second pass). As will be seen shortly,
Fig. 10 representBtgaEpipPn-of | Eaespbevel ceBserss &pERYAgiR ABre general
al gorithm bpeinikeat peind peael mMpHe thrbBecshiBbest texpeeintagrated

are: -

-

two-pass, bidirectional, leading-edge-only printing;

optimal line width; and

the four horizontal-line subdivisions.

To print an image element (a representation of an object,
an alphanumeric character, etc.) in a two-pass mode re-
quires dividing the element into two main components, one
to be printed on each pass,_such'that when the two compo-
nents are together on the printing medium the original
image element appears. A further criterion for this print
mode is that, when possible, both the right and left
boundary thicknesses are optimized. _

To construct of the two main components, the interior
of ,the image element is divided into two portions and each
portion paired with its opposite boundary. For example a
left inside portion 21 (Fig. 10) is part of the same main
component as -- and is printed in the same pass 31 with --
the right boundary or edge 12; and the right inside por-
tion 22 is part of the same main component as, and printed
in the same pass 32 with, the left edge 11. Ih Fig. 10
all of the stippled dots 31 make up the material printed
in one pass (for instance a first pass), and all of the
"X"-filled dots 32 make up the material printed in another
pass (for instance a second pass). '

As will be seen shortly, Fig. 10 represents a simpli-
fied special case of applying a more general algorithm;
the illustrated print mode is the simplest expression of
the three concepts listed at the beginning of this sec-
tion. A root understanding is that prinf qgality is
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the three concepts listed at the beginning of this sec- tion.

understanding is that print quality is
Substitute sheet - 27 August 1996

A root

-20- dependent

on the order and method by which dots are pi Substitutesheepadd/ August 1996

-20-

dependent on the order and method by which dots are placed

on the page.

4. OVERLAP PIXELS, AND VERTICAL DIVISIONS

To further refine the optlmlzatlon, one can

find the

optimal boundary thickness for both horizontal and verti-
cal lines. This suggests that even a narrow (e. d., one-
pPixel wide) vertical line should be split into three parts
. == top 41 (Fig. 11), bottom 42, and vertically middle 43.

| In this part of the process it should not be assumed
that the same thickness is optimal for both directions.
Directionality of paper grain, for instance, could have an
influence on the extent of surface-tension effects.

When two dot groups 3la, 32a (Fig. 12) placed by pen
scans in two opposite directions, respectively, are mutu-
ally well aligned, the groups are spaced apart horizontal-
ly by the same spacing as pixel columns within each group.
The result, as in the right side of the first (top) sub-
view of Fig. 12, is that the groups 3la, 32a merge to look
like a continuous horizontal line -- or, in a taller image
element (e. g., wide vertical line), a continuous field.

In case of imperfections in dot-placement accuracy of
the printing system, particularly interscan misalignments

as between opposite-direction pen scans, another

refine-

ment may be needed. One effect of such misalignment can
be a small displacement 33b between the groups of dots, as
seen at left in the second (center) subview of Fig. 12.
Such misalignment results (right side of second sub-
view) in interruption of the finished composite image
element by a narrow white (or other background-color) gap
33 ~- or vertical stripe 33, for a taller image element.
For elements just two pixels wide (not shown in Fig. 12)
‘the only solution may be to improve interscan tolerances.
One particularly effective way of doing sc is set
forth in the previously mentioned Gregory D. Raskin co-
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4. OVERLAP PI XELS, AND VERTI CAL DI VI SI ONS To further refine the
optim zation, one can find the optinml boundary thickness for both

hori zontal and verti- cal |ines. This sugge t.hat. eve ( -
one- pixel wide) vertical line should be s‘pssi“?’ stififty $ee 5 AL AUgUst (996
(Fig. 11), bottom 42, and vertically m2ldl e 43. In this part of t he
process i t rgb %}ﬁ: @:ﬁ!{{&q‘# ha]-'g & SAIE 4 mo‘fmgé%éé é)p{ﬁ for
bot h di rect’i ons rectionall paper grain, I nstance have an
i nfluence diishelagument of I&ﬁfmmn@@mm%@@ be usedvmln tlm dot
gr OUpst 3laica°s?é‘ cﬁﬂ:'ﬁid@)u}{é&?@s BYe PEN S5@NEok Nbd¥P CPOS| difodtid ecti ons,
respective are u-

P ggbstantlally eliminate the objectionable strlpe 33,

For wider lines, however, another solution is to
guarantee overlap of adjoining segments as by providing an
additional overlap dot 34 (third subview in Fig. 12). As
will be understood by people skilled in this field, this
technique should be used in such a way as to accommodate
relative misalignments in either direction, and may result
in substantial extra ink usage -- particularly for narrow
image elements. '

5. OVERALL TECHNIQUE

All of the provisions described above can be combined

in a single print mode. This process results in a new
- algorithm for dividing each image element into two éompo-
nents printed in two passes respectively.

An eight-by-seven image element or block 100 (Fig.
13) is used for a demonstration. For this example, the
optimal line width is arbitrarily taken as two pixels
horizontally and two pixels vertically.

Preliminarily, the microprocessor firmware must
analyze an image that is to be printed, to determine
whether any such distinct image element or block 100
exists within the image -- and, if so, to determine its

boundaries. Such dissection requirés scanning the overall
image or parts of it for groupings'of pixel columns or
rows in excess of the optimal widths or heights, respec-
tively, of edges;

In principle this image-element identifying or sens-
ing step may be perfdrmed to completion for the entire
image before printing of any'part of the image (or of any
image-element block) begins, or may be performed for an
entire image element before printing of any part of that
element begins. Still another possibility is to perform
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atly well aligned, the groups are spaced apart horizontal- |y by the sanme
spaci ng as pi xel colums within each group. The result, as in the right
side of the first (top) sub- view of Fig. 12, is that the groups 3la, 32a
nmerge to | ook |ike a continuous horizontal |$yhstituteoshegtr §7t/é!19‘é$t 1886
element (e. g., wde vertical line), axantinuous field. - I'n case of

i nper f ect i otite | andDys Pt asRNRNprogeas8iyeobathe Phi which BYIBtRAsensing

particularly ipterscan sal ignpents_as_bet.ween opposite-direction pen
scans, anot%%?gfﬁF?ﬁeWhﬂ%ﬁtpﬁg9ggﬁgn858889dﬁne effect of such misalignnent
can be a small| dTbel aekeshioB3bfbenecefi thesgr bhpseobaditsapproachesat | eft
In the seco n Supwi of Fi 1 0 lSall sults
(right sideggféggcéﬁé%gﬂbgﬂéﬁggbg?nhgﬁfegPut Eoﬁggggtﬁg ?%ﬁ%% eggbgﬁﬁosite
i mge el enehveey gonsidevatibpre {oeludhng bATRYgbEHE- (shat) igafossay., or
vertical stg@faB3 pkPhtingakp8ed)BHE+RLCBRA! hand, and memory capac-.

ity and firmware simplicity on the other. In any case. the

dissection or identification step preferably should stay

ahead of the printing step by at least the number of pixel

- rows that is used as the optimal edge height.
Next, two pieces of information are associated with

each dot that makes up the eight-by-seven block 100 --

- a horizontal-portion label: outside right 112 (Fig.
13, central section), inside left 121, etc.; and

- a vertical-portion label: top 141 (Fig. 13, third
section), bottom 142, or vertically middle 143.

This allocational step too may be performed on a whole-
image, image-element, or progressive basis.

Then a simple algorithm is applied, using these two
pieces of information to decide which dots should be
printed in a first pass 131 (stippled dots, Fig. 14) and
which in a second 132 ("X"-filled dots). The result of
applying that algorithm to the blocks shown in Fig. 13 is
shown in a first section, "Step 1", of Fig. 15; in princi-
ple either pass 131, 132 could be first and either could
be second, but for definiteness one group of dots (stip-—
pled, 131) will be taken as first.

One possible method of dot overlap is incorporated in
the second section, "Step 2", of Fig. 15. Additional dots
134, 134’ (downward—-angled hatching) required for overlap
are positioned along each of the interfaces between the
two components 131, 132. _

' As shown, the overlap dots 134,'134' may be placed
along interior left edges or interior right edges, or some
of each. In particular, for example, one group'of overlap
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For elenents just two pixels wde (not shown in Fig. 12) the only solution

may be to inprove interscan tol erances. One particularly effective way
of doing so is set forth in the previously nentioned C?egoey D. Raskin co-
Substitute sheet - 27 August 1996 ~ Substitute sheet - 27 Apgust 1896 ng

pat ent docunent, incorporated by referepge into this docunent. The Raskin

t echni que can_be ed, for_the case of w der Iings as well ,_ and for both
cases shom%ots 132%%5 % shown 4 ong the inward-facing left intarior

edge of the right-middle part of the first-pass dot block
131 -- that is to say, an edge that faces toward other
dots of the same first-pass dot block 131. .

The remainder of the overlap dots, still only as an
example, are all shown along outward-facing edges -- that
is to say, edges that face toward dots laid down in “the
opposite-direction pass. A depleted dot—overlap profile
may be sufficient to mask undesired gaps.

The third section, "Step 3", of Fig. 15 is the result
of juxtaposing the two components of "Step 2", assuming an
interscan alignment or placement error of about two-thirds
of a pixel row. More specifically, the second-pass compo-
nent 132 is drawn misplaced or displaced to the right

‘relative to the first-pass component 131. '

This "Step 3" drawing has been assembled so that
where overlap occurs the second-pass component 132 --—
together with those of the overlap dots that are drawn in
"Step 2" associated with the second-pass component 132 —-
is on top of the first-pass component 131 and its associ-
ated overlap dots.

Thus the previously discussed inward-facing dot row
134" of "Step 2" does not come into play, being completely
covered by the two pixel columns of the inside-left block
that is part of the second-pass group 132. That inward-
facing dot row would actually be used only if the second-
pass component 132 were displaced to the left. '

As can be seen from the'"Step 3" composite -- partic-
ularly near the left edge of the array -- if the leading
edges were defined as only one column wide (or if the line
or image element were only two pixel columns wide) the
spray or secondary dots due to the overlap dots 134 could
project beyond the array boundary, ohce again degrading
print quality. Hence the overlap-dot technique may be
inappropriate for such cases. .

Inspection of "Step 3" also reveals that some overlap
dots (those printed in the second pass 132) partly over-
print dots that form the image proper (dots printed in the
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substantially elimnate the objectionable stripe 33. - For wider lines,
however, another solution is to guarantee overlap of adjoining segnents as
by providing an additional overlap dot 34 (t

w17 e under ot ood by peopl o skilled i n thi-sSHPETRSeEt ¢ dhAtiguat 19l o
. be used in such a way as to accommodate24el ative mnisalignnents in either
5 PR oAyl RS g
provi si ons #8scfilpst MedEe 1341 pParcdybiunderlie the image proper (dOtS
printed in the second pass). 1In terms of resulting ap-
pearance this distinction is without consequence.

' In this overall print mode of Fig. 15, all edges s
printed are leadlng edges, each boundary is of optimal |
thickness, and there is minimal possibility of gaps.

Fig. 16, upper right-hand view, is a resulting image
printed on an inkjet printer -- unmodified except for
incorporation of this algorithm into the operating pro-
gram. For comparison the remaining three views exhibit
the same subject matter printed on the same printer but
conventionally: unidirectional single-pass images, re-
spectively right-to-left and left-to-right scans, in the
two left-hand views; and a bidirectional two-pass image in
the lower right-hand view.

Thus the upper and lower left-hand images exhibit
relatively severe blur at, respectively, the left and
right sides of eaéh vertical stroke; and that same severe

' degree of blur is seen at both sides of each stroke.iﬁ the
lower right—hand image. The upper right-hand image, by
comparison is relatively.much clearer or cleaner, at both
sides of each vertical stroke. '

' These samples were made using an inkjet printer of
the Hewlett Packard cbmpany, specifically a DeskJet Model
550c. The microprocessor in the DeskJet 500 family of
printers has enough computing power to implement bidirec-
tional, two-pass priht modes described in this document;
accordingly application of this invention is, at least in
principle, not limited to new products but also available
on a software-upgrade basis (eg._g., with Windows® by mere-
ly transmitting a suitable printer driver to the printer)
for use in any printers of that model family, or other
model family with comparable or greater computing power.

The foregoing disclosure is intended to be merely
exemplary, and not to limit the scope of the invention --
which is to be found by reference to the appended claims.
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in a single print node. This process results in a new algorithm for
di viding each image el enent into two compo- nents printed in two passes
respectively. An ei ght-by-seven inage el enment or bl ock 100 (Fi 13)

i s use denonstration. For this exanpl Substiaite sheght 27 A@g\msaﬁ@&fis
arbitréﬁiim_jL—‘TFEE“Tvn‘piers hori zomslly and two pixels vertically.
Prelim nH!'l,&@i ILW,:M'Ir-ocessor firmvare nust anal yze an inmage that is to
be print ed, i whet'her any such di stinct—rage—elenent or bl ock

100 exists within thé ifmge -- and, if so, to 8! Qe t boupd?ries.
Such di ssection requires scanning the overall i _ it for
groupi ngs of. pi .colums or rows in excess of M”ﬂ | I dt hs or
hei ght s, reép@?gigwely, of edges. “In prin il | e- el enent
i dentifying or sens-

1. A method of printing images as an array of many
pixels, using a bidirectionally scanning inkjet pen; said
- method comprising the steps of:

while scanning the pen in a first direction, printing
the leading edge, with respect to said first direction, of
an image element and refraining from printing the trailing
edge, with respect to said first direction, of that ele-
ment; and

while scanning the pen in a second direction opposite
to the first direction, printing the leading edge, with
respect to said second direction, of the same image ele-
ment and refraining from printing the trailing edge, with
respect to said second direction, of that element.

2. The method of claim 1, further comprising the step
of:
while scanning the pen in the first direction, also

printing at least one interior portion of the same image
element.
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ing step may be perfornmed to conpletion for the entire image before
printing of any part of the inmage (or of any image-el ement block) begins,
or_may be perforned for an entire image el ement before printing of an part

of "t hat eI m’lﬂz s. Still another possi fBulistijutessheetpe?7 dhygust 1996

Subs llm August 1996 -26- -2Z2-"Tthe. -
anal sive basis in which bl ock- sqﬂﬁgﬂgﬂ%gghh@gﬁgxmhlle

piniingprcetds © AR

3. The method of claim 2: _

wherein the interior portion is sepafated from
the leading edge printed while scanning the pen in the
first direction, and is substantially adjécent to the
leading edge printed while scanning the pen in the second
direction: and '

further comprising the step of, while scanning the
pen in the second direction, also printing at least one
additional interior portion of the same image element;

.said additional interior portion being separated
from the leading edge printed while scanning the pen in
the second direction, and substantially adjacent to the
leading edge printed while scanning the pen in the first
direction.

4. The method of claim 3, further comprising the step '
of: _

before printing either leading edge, analyzing the
image element to determine which pixel columns are leading
edges with respect to each scanniné direction, which pixel
columns are saidnfirst-mentioned interior portion, and
which pixel columns are said additional interior portion.
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Thxs Sheet Has Been Replaced
The

c approaches, or any other, should
be ma en consi derations |nclud|ng
throu m“ m ﬂml l say, overal |

printing speed) on the one hand, and
C-L | ty and firmare sinplicity onSubstititeeshedtn 2NA AR 1986
dlssectlon or identification step prefe ably shoul d stay ahead of the

pt i el “edgs hel Ghe. nethomgf S1ala g six;xe' SO A SR at e
with each’def:t hat nakes up the elght by seven bl ock 100 -- * a
222;?82;?||ngréeg fl%%%@bdeéﬁ Qtl%% i FI%dge, aﬁ%iy 'Eréﬂe
image element to determine which pixel rows are top edge,
bottom edge, and vertically middle segment of the image
element;
a55001at1ng the top and bottom edge rows, above and
below said additional interior portion, with the leading
edge and first-mentioned interior portion printed in said
first direction, for printing during scanning in said
first direction; and
associating the top'and bottom edge rows, above and
‘below said first-mentioned interiot portion, with the
leading edge and_additional interior portion printed in
said second direction, for printing during scanning in
said second direction.

6. The method of claim 5, wherein said analyzing steps
further comprise:
selecting the number of pixel columns to serve as
leading edges in such a way as to optimize print quality:;
and ' '
selecting the number of pixel rows to serve as
top and bottom edges in such a way as to optlmlze print
. quality.

7. The method of claim 3, further comprising the step
of:
while scanhing the pen in at least one of the two
directions, also printing at least one overlap portion;
said overlap portion being positioned to merge said
substantially adjacent interior portions and edges, in
event of interscan misalignment that tends to separate an
interior portion printed while scanning in either direc-
- tion from its substantially adjacent leading edge printed
| while scanning in the opposite direction. |
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*_a vertical -portion | abel: tdb'141 (Fig. 13, third section), bottom

142, or 'vertically mddle 143. This all ocational step too may be
perfOLned_gn_a_mthe_—#nage i mge-el enent, or progressive basis. Then
a sinpl plied, using these Subspitetecsheast -i 21 SugustorPI®
deC| de Imrml be printed inqg.first pass_J.B_’L_@sIJ_ppLed_dots

n |ch sn*a second 132 ("X'-fitled d T resulf qf - -
applylng that algorithmto the bl ocks shown in F| af a first
section, "Step 1", of Fig. 15; in princi- ple elth u 2 coul d be

first and either could be second, but for definite ofidots
(stip- pled, 131) will be taken as first. One pOSSIb|e nmet. hod of dot
overlap Isstnco&ﬂgr%g%gohnof claim 2, further comprising=the step

of:

while scanning the pen in at least one of the two
directions, also printing at least one overlap portion:
' said interior portion being substantially adjacdent to
said leading edge printed while scanning the pen in the
second direction; and

said overlap portion being positioned to merge said
interior portion with said leading edge printed while
scanning the pen in the second direction, "in event of mis-
alignment that tends to separate the interior portion from
said substantially adjacent leading edge printed while
'scanning in the second direction.

9. The method of claim 2, further comprising the step
of: '
before printing either leading edge, analyzing the
_image element to determine which pixel columns are leading
-edges with respect to each scanning direction, and which
pixel columns are said interior portion.
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the second-seeti-on—-Step—2"-—of Fig. 15 Additional dots 134, 134

(downwar d- an qui red for overlap are positioned al ong each
of the |nter? g q& ﬁ @ .two conponents 131, 132. As shown, the
overlap dots % & placed al ong Substitute shefet -c2igAugysti 1898 i or

ri ght edges, -or sone of each I n parthgular, for exanple, one group of
overl ap ) Substitute sheet - 27
August 1996 23 -

10. The method of claim 1, further comprising the step

of:

before printing either leading edge, analyzing the
image element to determine which pixel columns are leading
edges with respect to each scanning direction.

1t. The method of claim 1, further comprising the step
of: '

before printing an image, analyzing the entire image
to determine which pixel columns are leading edges of

image elements within the image, with respect to each
scanning direction.

ThJs Sheet Has Been Rep
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12. The method of clalmlll, wherein:
said analyzing step comprises selectlng the number of

pixel columns to serve as leading edges in such a way as
to optimize print quality.

9 o
13. The method of clailel, wherein:

said analyzing .step comprises selecting the number of
pixel columns to serve as ieading edges in such a way as
to obtain an optimum tradeoff between adverse effects of
~runners and adverse effects of surface tension.

14. A method of printing images as an array of many
pixels, using a bidirectionally scanning inkjet pen; said
method comprising the steps of:

while scanning the pen from left to right, printing
the left edge of an image element and refraining from
printing the right edge of that element; and

whlle scanning the pen from rlght to left, printing
the right edge of the same image element and - refraining

from printing the left edge of that element.
REPLACEMENT SHEE}
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dots 134" is shown along the inward-facing left interior edge of the
right-mddle part of the first-pass dot block 131 -- that is to say, an
edge that faces toward other dots of the sane first-pass d | ock

87 KyaSe 198800

The remai-ader of the overlap dots, still onlSubssitee By yaush

al ong out edges -- that is_t3g.say, edges that faee—toward dots
l.ai d downwi H %miﬁﬂ mﬂLrect i on pass. A depl eted dot-ovenl ap profile
ffisC A : i '

may be su L Mihdesired gaps. - This X K tion,."Step 3",
of Fig. 15-is the result of juxtaposing the t mf_ "Step 2",
assum ng an interscan alignnment or placenent two-thirds of a

pi xel row. Mre specifically, the second-pass conpo- nent 132 is drawn
m spl aced or_displaced to the right relative to the first:pass conponent
131. TR s "Stmetizoddefivbngnhisgbémagassesblad agorayhaf many

pixels, using a bidirectionally scanning inkjet pen; said
method comprising the steps of:

analyzing an image element to determine which pixel
rows should be treated as the top edge, bottom edge, and
vertically middle part, respectively, of the element; and
to determine which pixel columns should be treated as the
left and right edges, and first and second interior por-
tions, respectively, of the element;

said analyzing step comprising selecting the number
of rows to treat as tdp and bottom edges so as to optimize
image quality; and

while scanning the pen in one direction, printing the
top and bottom edges above and below the first interior
portion;

while scanning the pen in a second, opposite, direc-
tion, printing the top and bottom edges above and below
the second interior portion.




where overl ap occurs the second-pass conponent 132 -- together with those
of the overlap dots that are drawn in "Step 2" associated with the

second- pass conponent 132 -- is on top of the first-pass conponent 131 and
its associ- ated overlap dots. Thus the_ previousl|y diggussed
i nwar d- faci ng dot row 134' of “"Step 2" does %StEB?ﬁas'?%/ﬁto‘ %?aé‘,‘g‘b%ti 1396
conpletely covered by the two pixel col s of the inside-left block that
is part of the second-pass group 132. at inward- facing dot row woul d
actually be used only if the secomt—nass coggonent 132\mere di spl aced to
the left. - As can be seen fromthg "Step'*3" conpositle -- partic- ularly
near the |eft edge of the array -- if |the di ng edges were defined as
only one colum wide (or if the ['Tneor inpge element wgre only two pixel
colums wi de) the spray or s dots (e to the ovdgrlap dots 134 coul d
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proj ect beyond the array boundary, once again degrading print quality.
Hence the overl ap-dot techni que may be inappropriate for such cases.

| nspection of "Step 3" also reveals that sone overlap dots (those printed
in the second pass 132) partly over- print dots that formthe inmage proper

(dots printed in the Substitute sheet - 27 Aubsst (1996
sheet - 27 August 1996 2/9 -24 - first pass); whereas
ot her overlap dots (those printed in
iy . )
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the first pass 131) partly underlie the inmage proper (dots printed in the
second pass). In terns of resulting ap- pearance this distinction is

wi t hout consequence. In this overall print node of Fig. 15, all edges
printed are | eadi ng edges, each boundary is of optinmal thickness, and there
is mninmal possibility of gaps: Fi g. 16Substitrtershgbt - I2hAugusty1996 a
resulting inmage printed on an inkjet p?/gter -- unnodi fi ed except for

i ncorporation of this algorithminto the“operating pro- gram For
conparison the remaining three views exhibit the same subject matter
printed on the sanme printer but conventionally: unidirectional single-pass
| mges, re- spectively right-to-left and left-to-right scans, in the two

| eft-hand views; and a bi di, | t wo- pass inmage in the | ower right-hand
Vi ew. Thus the upper a eft-hand i mages exhi bit

) FIG. 3
at
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relatively severe blur at, respectively, the left and right sides of each
vertical stroke; and that same severe degree of blur is seen at both sides
of each stroke in the |ower right-hand i nrage. The upper right-hand i mage,
by conparison is relatively nmuch clearer or cleaner, at both sides of each

vertical stroke. These sanpl es were nadSubstittge sheehkjt Anugust 41996
the Hewl ett Packard Conpany, specifi cal4/g a DeskJet _.Mbdel 550c. The

m croprocessor in BZe kJet 500 fam |y5 of pri nt er 8/ noygh computi ng
power to inplenent*bi N tional, twd;pass pri des| ¢les¢ribed in this
docunent; accor d#;] ation of th.%; nvent 4 | gast in
principle, not I¥mt w product s Dur al s a

sof t war e- upgr ade basi s wi th Wndows[err] by ; transmtting a

suitable printer driver : printer) for use in any pri s of that
nodel famly, or other
< | 52
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" The

model famly wth conparable or greater conputing power.
and not to limt

foregoing disclosure is intended to be nerely exenplary,

the scope of the invention -- which is to be found by reference to the
appended cl ai ns. 25 CLAI M5 -
' Substitute sheet - 27 August 1996
5/9
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1. A method of printing inmages as an array of many pixels, using a
bi directionally scanning inkjet pen (51); said method conprising the steps

of : -5 while scanning the pen in a first direction, printing the
| eadi ng edge (1), with respect to said first dlrectlon or an inmage
el ement, refraining fromprinting the t reubstigtd ghedd g
at Ieast one interior portion (21) of th6/§ame i mage eggﬁﬁ?&t‘mﬂ%ég
the | eadi ng edge and interior portion are sgparate, wi th respect :
said first directiong of that elenent; andN 10 whi | e scanni ng the
pen in a second dir&tion opp05|tetothef direction, ° printing,,
the | eadi ng edge (1) m respect to sai d d direction, of the sarre,i\ja

i mge el enent and re
respect to sai d
met hod of claim1:.2

5 ingfromprinting ralhhlng edge(2) wi €[H
"f'f" direction, of th 15 2 ’m
V\/nerelnthe |n portlon (21)

219 edge (1) V\/m | e scanning t
ad/ i S substantlally nt to ' _

Ve 320
P 326
Ve J2c

I3

/' J’C

12

41 '
43
42

F1G.
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the | eading edge (1') printed while scanning the pen in the second

direction; and further conprising the step of, while scanning
the pen in the second 20 direction, also printing at |east one additional
interior portion (22) of the sane | mage el enent; sai d

additional interior portion (22) being separ Substifutershieee - Zadiugystd$O6
(1') printed while scanning the pen in,} e second direction, and
subsequently 700 _adjacent to the Ieadi%@ edge (1) printed while scanning
the pen in the fiﬂ%{ 25 direction 3 The nmethod of claim 2,
further conprising¥he step of: 111 Hor e printing either ? di ng
edge (1,1'), analyzing the inage ¢1\nent t det erm ne mhigﬁ’p §E|

' N1 ) 0 / ‘

col ums ar gheagragvetgee AT 2 eoReYDEnch ABycscarnia

di rection ﬂ*ﬁ&ﬁﬁﬂo ¢ ar Jlil‘“h‘s-ﬁo‘/é&\\&\\: Sseoneds

(21), and W ’@"BQQQO,@;QQ,@ ar § q”%@&?; Nt e RISARREAORCRES
(L LLLL LX) 2

FIG. 14
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4~ The nethod of claim3, further conprising the step of:

26 Substitute sheet -5 Septenber 2001 ' before printing either
| eadi ng edge (1, 1'), analyzing the inage elenent to det erm ne -whi ch
pi xel rows are top edge (41), bottom edge (42), and vertically. ) ddl e
(43) segnent of the inage el enent; Substitutecshesit mg2 1 HIgus? 1(991% and
bottom (42) edge rows, above and bel ow said 5 additional interior
porfion (22), with the | eading edge (1')gand first-nentioned i nterior
portion (21) printed in gaid first direction, for printing during scanning
in

F/G. 75’<

::‘}:mu \
RAXBENXX) REPLACEMENT SHEET
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said first direction; and associating the top (41) and bottom

(42) edge rows, above and bel ow sai d first-nmentioned interior portion

(21), with the |eading edge (1') and additional 10 interiorportion (22)

printed in said second direction, for print bﬁ?sﬁ Erg,egqam Agust 1996 sai d
arm

second direction. 5. The method of ¢ wherei n said anal yzi ng
steps further conprise: sel @i ng the nunber of pixel colums to
"serve as |eading edges (1, 1') in 15 such a way as to optim ze print
quality; and sel ecting the nunber of pixel rows to serve as top
(41) and bottom (42) edges_in such a way as to optimze prig al ity

6. The nmethod of claim 2, conprising the step of: 20

scanning the pen in at Ieas he two directions, also p§

FIG. 16

Z
o
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| east one overl ap portio'n (34); .~ said overlap portion (34) being

positioned to nerge said substantially adj acent interior portions

(21, 22) and edges, in event of interscan m salignnment that tends to
separate an interior portion (21,22) pri n%ﬂﬁg@’@cﬁmﬁtngﬂ Augusict99s -
direction fromits substantially adjacent edge (1, 1') printed

whi | e scanni ng I n the opposite direction. 7. The net hod of
claim1, further conprising the g RINTING MODES TO,@PTIMIZE JMAGEm the pen
in at | east one of the two direct . EDGES Eﬁ% HF%ERSWT]%‘E ?_‘E‘é’gyone
overlap portion (32); said interjor portion (21,22% bei ng
substantial ly adjacent tohs¥eihed of RFinting jmages as) ap, prray 9f many

scanni ng the peixelst hesieroad ki+datectionaldy scanning inkjet pen is
5 disclosed. A leading edge part of an image ‘element to be
printed, that is the edge the pen reachaes first with the pen
scanning in a given direction, is printed during a first
inkjst pen scan. The trailing edge part of the image
element is not printed during this scan. On a return scan
10 of the inkjet pen, a new lsading edge, that is the trailing
edge part of the image element not yet printed after the
first acan, is printed. In this manner, after two scans,
the complete image element is printed. Using this methed,
an image~quality asymmetry in the direction of the inkjet
15 pen scan can be hidden since a less perfect side of a
printed pixel becomes an internal part of the complete iipaqe
elenent.

(Figure 4)
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27 Substitute sheet - 5 Septenber 2001 sai d overlap [eTch 'f'?‘fZ)
portion (21,22) with said

bei hg positioned to nerge said interior
| eadi ng edge (1, '1') printed while scanmlng S1RGR éﬁbéth-% &Q‘q er 2001

di rection, in event of misalignnment that te
portion (21,22) fromsaid substantially adjacent | eadi ng edge (1, 1 )
8. The net hod

printed while scanning 5 in the second direction.
bef ore pr| nting

of claim1, further corrprising the step of:
erm ne

ei ther |eading edgrrGET 1PRINTTNG HOWES 0! OREEMEZETEMA . BT,
wi th respect to ea 10

whi ch pi xel colums are | eadi ng edges
and \AA‘F%‘F‘\E% gsﬁimﬁ? NG iQPARWEEYi or portion

scanni ng dl rect i on,
(21,22).

] RELATED APPLICATIONS

5 U.S. utility-patent application serial 08/055,660 of
Gregory D. Raskin, filed on April 30, 1993, and issued as
U.S. Patent 5,426,457 on 20 June 1995, is relevant to
certain aspects of the p'resent' invention as will - be

explaineci hereunder, and is hereby _incorporated in its
' KEPLACEMENT S‘IEEIS SG

- 10 entirety into the present document.
: : ¥l Description : paged S baged .7
95' A.,W;_m{a) paged B.to0 paged |

BACKGROUND
1. FIELD OF THE INVENTION

15 : This invention relates generally to inkjet prJ.ntJ.ng
systems in which an image (characters or graphics, or both)
is constructed on a printing medium as an array of many
individually . computer-controlled . inkdrops; ..and. more .. - ..
"particularly to a method for printing such an array which

20 minimizes undesired artifacts that arise in the inkjet

printing process..
2. RELATED ART

25 An inkjet image can be created through' any one of:
‘myriad different  inkjet nozzle firing patterns, implemented
by specific program steps of a microprocessor. Such program
- steps are usually provided in the form of firmware for a

: general-purpose programmable microprocessor, but flxed

30 arrays of electronic logic elements can be used instead.

Any such flrlng pattern is called a  "print mode"'
Print-mode variations encompass special uses of a pen or
dlfferent portlons of a pen in coord:.nat:.on with choice of
printing-medium advance dlstance or frequency, special

35 suppressions of firing for specified nozzles, and special
I -
REPLACEMENT SHEET
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9. The method of claim1, further conpr|5|ng the step of:
anal yzi.-ng the |nage el ement to

before printing either |eading edge (1, 1'),
det erm ne which pixel colums are-leading e i (det'V § 2bB1
each 15 scanni ng direction. 10. e F ' .

: before printing an i nmage, analy2|ng t he

conprising the step of:
entire image to determ ne which pi xel columms-.are | eading edges (1, 1')

of image elenents within the imge, with 20 respect to each scanning
direction. very naﬁroprernéDhsdaﬁecpnintedoreﬂ@esthfé@tionably reved d

oy Zéhf‘%ﬁf%"eﬁﬁﬁi §EuSELEE, AR IMIPE 2h B H e oiaplapped™Sr'®
serrated pattern, because surface tension is inadequate to
pull the ink pool into a more-nearly straight border.
5 '~ Earlier print modes have not effectively addressed this
As will be apparent it tends -~ whenever present -

problem.
the overall ink-suppression or

to be exacerbated by
multiscan image divisions discussed above.
Another known print-quality impairment relevant to the

10 present "invention, and to other bidirectional printing

systems, is misalignment between  scans in opposite
directions. This problem is manifested as a narrow line of
unprinted or background color (for éxample ‘white) where
adjacent pixel blocks, printed in opposite-direction scans,

15 fail to merge visually into a single apparent image element.
The aforementioned .Raskin. patent document offers one

valuable solution to such problems, though it depends for

its full effectiveness upon good consistency of motor speeds . '

in the reverse or retrace direction. That solution can
20 evidently avoid narrow unprinted gaps where blocks of pixels
lald down in opposite directions fail to be space. properly
at the regular pixel periodicity.

It may not, however, cure a gap in which failure to
visually merge results from inadequate wicking'between the
25 two blocks, due to one being already dry. A simpler

- solution to -interscan misalignments, and one which may help =

to avoid this particular problem, could be useful.

Heretofore these considerations have not been taken

into account in devising print modes for best print quality.

30 Thus important aspects of the technology used in the field
of the invention are amenable to useful refinement.

EP-A- 0575057 Wthh is the closest prior art, discloses

a method of 'bidirectional 1nkjet _prlntlng wherein each

character to be printed is partitioned into a leading'and

Only the leading portion'is printed on a

© 35 trailing portion.
and only the trailing

forward pass of the inkjet pen,
portion is printed on a backward pass.

REPLACEMENT SHEET|
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25 12. The net hod of clain{S ofﬂlO, wher ei n: sai d anal yzi ng
serve as

step conprises selecting the nunber of pixel colums to

| eadi ng edges (1, 1') in such a way as tg o &E&&!ﬁg s?t%ltnyrsédf'téﬁﬂﬁrfzom :
bet ween adverse effects of runners and adve S Of surface tension
30 13. A nethod of printing images as an array of many pixels, using a

bidirectionally scanning inkjet pen (31); said nethod -conprising the steps
of : 28 Substitute sheet -5 Septenber 2001

large pool of liquid ink. This effect tends to favor

defining the "edges" as narrow.

e Objectionable scalloped or serrated patterns appear
5 when only very narrow portions are printed. This
effect favours defining the "edges" as wide.

Overlap dots can be included in the portion printed in

either or both directions. Such dots avoid narrow unprinted

10 gaps in case of misalignment between scans in opposite
~ directions - and also in case of inadequete wickingato help
merge adjacent blocks printed in different scans. '

Now with these preliminary observations in mind this

15 discussion will proceed to perhaps a more-formal summary. .

The present invention has at least three main facets or

aspects, which are amenable to practice independently'-cf'

each other - although for best enjoyment of the benefits"bf
the invention they are preferably used together.

20 In preferred ‘embodiments of all these three -major

aspects, the present invention is a method of printing

images as an array Qf many pixels, using a'bidirectionally-

scanning inkjet pen, as claimed in claims 1 and 13,

NS hereinafter. _ _
In a first of the three main aspects or facets,. the

method includes the step of - while scanning the pen in a
first direction - printing the leading edge of an image
element and refraining from printing the'trailing edge of

that element. : o
The phrase "the leading edge" means the leading edge

with respect to that £irst direction. More specifically
yet, the  leading edge. "with respect to" a given scan
directioﬁ is the edge which the moving pen reaches first
when travelling in that direction (here, the stated "first

30

_35 -direction").

REPLACEMENT SHEET
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anal yzing an image el enent to determ ne which pixel rows should be
treated as the top edge (41), bottom edge (42), and vertically mddle part

(43), respectively, of the el eneny gi eé i ] éﬂ! h DI
colums shoul d be treated as the Tef {@uﬁs ?ufé fiéet %es, .LDIE'% ?leand

second interior portions (21, 22), 5 respectively, of the elenent;

sai d anal yzing step conprising selecting the nunber of rows to treat as top
(41) and bottom (42) edges so as to optim-ze inmage quality; and

whi |l e scanning the pen in one direction, printing the top (41) and bottom

(42) edges abov d t i i ri p Lon £21); .10 whi |l e
scanning th peﬁrﬁ ggggggnd%&o%p%éé%g?‘bgi r%(E: i%%%bpr?‘éht i—nd"kf:'h]eetc?ﬁa(‘lﬂ-}'lg

and bottom ) RRfjesiBbofe 8REOPE owWirrctiemndoppberiter [ ti bhe( 22} rst

direction - printing the leading edge of the same image
5
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9 Substitute sheet -5 September 2001

element and refrain*ng from printing the trailing edge of
that element. Hefé "the leading edge" means +he leading
edge with respect to the second direction, which is to say
the edge which the pen reaches first when traveling in the
second direction.

The foregoing may be a -description or definition of
the first major facet of the present invention in its -
broadest or most general terms. -Even in such general-or
broad forms, hqwéver, as can now be seen the first facet
of the invention refines and enhances the art of inkjet
printing. ' ' _

In particular this new print mode tends to signifi-
cantly enhance the image quality by.cohcealing fine spray
within the interior of each image element.

Although the invention thus'provides very significant
advances relative to the prior art, nevertheless for
greatest enjoyment of the benefits of the invention it is
preferably practiced in conjunction with certain other
features or characteristics which enhance its benefits. = -
For example, it is preferred that the method further
include the step of -- while scanning the pen in the first
direction -- also printing at least one interior portion

of the same image element.
When the interior of an lmage element is large encugh

to be subdivided, the interior portion is
senaraued from the leading edge prlnted whlle scannlng the
.pen in the first dlrnctlon,'and is substantlally adjacent
to the leading edge printed while scanning the pen in the

second direction. This separation has the beneficial

effect of avoiding the printing of overwide edges, and
thereby avoiding generation of runners, menticned earlier.
In addition the method further includes the step of, while
scanning the pen in the secgnd_direction, also printing at
least one additional interior portion of the same image
element. This additional interior portion'is separated
(for the same reason as just stated with respect to the

first direction) from the leading edge printed while
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CLAIMS

1. A metho_d of printing images as an array of mény pixels, using -a

_'bidirectionauy scanning inkjet pen (51); said method comprising the steps of:

while scanning the pen in a first direction, printing the leading edge (1), with
respect to said first direction, or an image eleme'nt, refraining from printing the
trailing (2) edge and printing at least'one interior portion (21) of the same image
element, wherein the Iéading edge and interior porﬁon are separate, with respect

to said first direction, of that element; and
while scanning the pen in a second direction opposite to the ﬁrst'direction,

printing the leading edge (1), with respect to said second direction, of the same -
image element and refraining from printing the trailing’ edge (2), with respect to

said second direction, of that element.

2. The method of claim 1:

“wherein the interior portion (21) is separéted from the leading edge (1)

prin_ted._w_hil__e scanning _the pen in t_he_ﬁrst directipn, and is substantially adjacent to _'

the leading edge (1') printed while scanning the pen in the second direction; and
further comprising the step of, while 3canning the pen in the second
direction, also printing at least one additional interior portion (22) of the same
imageelement;. - , .
- said additional interior portion (22) being separated from the leading edge
(1") printed while Scanning the pen in the second direction, and subsequently

- adjacent to the leading edge. (1) .p_rihted-while scanning the pen in.the first: -

direction.

3. The method of cﬁlaim 2, furth'ér comprising the step of: B

before 'printihg either leading edge (1,1, analyzihg the image element to
determine which pixel columns are leading edges (1,1') with respect to each
scanning direction which pixel columns are said first-mentioned intefior portion
(21), and which pixel columns are said additional interior portib_n (22).

4. Themethod of claim 3, further comprising the step of: REPLACEMENT SHEET}
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before printing either leading edge (1, 1°), analyzing the image element to
determine which pixel rows are top edge (41), bottom edge (42), and vertically

middle (43) segment of the image element;
associating the top-(41) and bottom (42) edge rows, above and below said

additional interior portion (22), with the leading ‘edge (1') and first-mentioned

~interior portion (21) printed in said first direction, for printing during scanning in

said first direction; and
associating the top (41) and bottom (42) edge rows, above and below said

first-mentioned interior portlon (21), with the leading edge (1') and additional
interior portion (22) printed in said second direction, for printing during scanning in’

said second direction.

5. The method of claim 4, wherein said analyzing steps further corriprise
selecting the number of pixel columns to serve as leadmg edges (1. 1) in

such a way as to optimize print quahty and
selecting the ‘number of pixel rows to serve as top (41) and bottom '(42). '_

edges in such a way as to optimize print quality.
6. The method of claim 2, further comprising the step of:

while scanning the pen in at least one of the two directions, also printing at

least one overlap portion (34);
said overlap portion (34) being positigned to merge said substantially

. adjacent interior portions (21,22) and edges, in event of interscan misalignment

that tends to separate an mtenor portlon (21 22) pnnted while scanning in either
direction from its substanttally adjacent leadmg edge (1, 1) printed while scannmg |

in the opposite direction.

7.  The method of claim 1, further comprising the steb of:
whxle scanning the pen in at least one of the two directions, also prlntmg at

least one overlap portion (32) - .
said interior portion (21,22) belng substantlally adjacent to said Ieadmg

edge (1, 1') printed while scanning the pen in the second direction; and-
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said overlap portion (32) being positioned to merge said interior portion

(21,22) with said leadihﬁ edge (1, 1') printed while s€anning the pen in the second

direction, in event of misalignment that tends to separate the interior portion
(21,22) from said substantially adjacent leading edge (1 1") printed while scanning

in the second dlrectlon

8. The method of claim 1, further comprising the step of:

before printing either leading edge (1, 1'), analyzing the image element to -

- determine which pixel columns are leading edges (1, 1') with respect to each |

scanning direction, and which pixel columns are said interior portion (21,22).

9. The method of claim 1, further comprising the step of.

before printing either Ieading edge (1, 17, analyzing the image element to
determine which pixel columns are leadlng edges (1 1") with respect to each

scanmng dxrectlon

10. The method of clarm 1, further compnsmg the step of:

.. before printing an image, analyzmg the entire image to determine whlch -
pixel columns are leadmg edges (1, 1') of image elements within the rmage, with

respect to each scanning direction.

11.  The method of claim 8 or 10, wherein:
said analyzing step comprises selecting the number of pixel columns to

serve as Ieading edges (1, T)insucha way asto optimize print quality.

12. The method of claim 8 or 10, wherem
sald analyzing step comprises selectmg the number of plxel columns to
serve as leading edges (. 1') in such a way as to obtain an optimum tradeoff

between adverse effects of runners and adverse effects of surface tension.

13. A method of prmtrng lmages -as an’ array of many plxels using a
bidirectionally scanning mkjet pen (31) said method comprising the steps of: -
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analyzihg an irﬁége element to determine which pixel rows should be
treated as the top edge (41), bottom 'edge (42), and vertically middie part (43),
respectively, of the element; and to determine which pixel cofumns should be
treated as the left and right edges and first and second interior portions (21 22)

respectively, of the element; |
said analyzing step comprising selecting the number of rows to treat as top

(41) and bottom (42) edges so as to optimize image quality; and
while scanning the pen in one direction, printing the top (41) and bottom

(42) edgés above and below the first interior portion (21);
while scanning the pen in a second, opposite, dlrectlon printing the top (41)

and bottom (42) edges above and below the second interior portion (22).
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